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AER㸸apical ectodermal ridge㸦እ⬇ⴥᛶ㡬ሐ㸧 
AUC㸸area under the blood concentration-time curve㸦⾑୰⃰ᗘ㸫᫬㛫᭤⥺ୗ㠃✚㸧 
Cmax㸸maximum concentration㸦᭱㧗⾑୰⃰ᗘ㸧 
EFDヨ㦂㸸embryo-fetal development study㸦⬇࣭⫾ඣⓎ⏕ヨ㦂㸧 
IFTS㸸international federation of teratology societies㸦ᅜ㝿ඛኳ␗ᖖᏛ఍㐃ྜ㸧 
JW㸸Japanese white㸦᪥ᮏⓑⰍ✀㸧 
NZW㸸New Zealand white㸦ࢽ࣮ࣗࢪ࣮ࣛࣥࢻⓑⰍ✀㸧 
RT-PCR㸸reverse transcription polymerase chain reaction㸦㏫㌿෗࣏࣓࣮ࣜࣛࢮ㐃㙐཯ᛂ㸧 
SPヨ㦂㸸sensitive period study㸦ឤཷᮇ᳨ウヨ㦂㸧 
Tmax㸸maximum drug concentration time㸦᭱㧗⾑୰⃰ᗘ฿㐩᫬㛫㸧 
WISH㸸whole mount in situ hybridization 
 
㑇ఏᏊྡ 
Bmp㸸bone morphogenic protein 
c-Jun㸸c-Jun 
Crbn㸸cereblon 
Dkk㸸dickkopf 
Fgf㸸fibroblast growth factor 
Gremlin㸸gremlin 
Hox㸸homeobox 
Irs㸸insulin receptor substrate 
Msx㸸Msh homeobox 
NF-țB㸸nuclear factor-țB 
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p53㸸p53 
Sall㸸spalt-like transcription factor 
Tbx㸸T-box 
Twist㸸twist 
Wnt㸸wingless-related MMTV integration site 
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➨ 1❶ ᗎㄽ 
 
1-1 ◊✲ࡢ┠ⓗ 
 
ࣄࢺࡢ་⸆ရ㛤Ⓨ࡟࠾࠸࡚ᐇ㦂ື≀ࢆ⏝࠸ࡓẘᛶホ౯ࡣࠊࣄࢺ࡛ࡢ๪స⏝ࡢண ࡸᶵᗎࡢゎᯒ
࡟ᴟࡵ࡚㔜せ࡛࠶ࡿࠋࡑࡢ୰࡛ࡶ⬇࣭⫾ඣⓎ⏕ẘᛶヨ㦂ࡣࠊࢧࣜࢻ࣐࢖ࢻ஦௳ࡢࡼ࠺࡞ᝒ๻ࡢ෌
Ⓨࢆ㜵ࡄࡓࡵ࡟ࠊ㛤Ⓨೃ⿵໬ྜ≀࡟ࡘ࠸࡚⬇࣭⫾ඣࡢⓎ⏕࡟ᑐࡍࡿᙳ㡪ࢆㄪ࡭ࡿ┠ⓗ࡛ᐇ᪋ࡉࢀ
࡚࠸ࡿࠋ࢘ࢧࢠࡣࠊࢧࣝ࡜ඹ࡟ࢧࣜࢻ࣐࢖ࢻ࡟ࡼࡗ࡚ࣄࢺ࡜㢮ఝࡋࡓᅄ⫥ወᙧࡀㄏⓎࡉࢀࡿື≀
࡛࠶ࡾ(Schardein 2000ᖺ)ࠊ⸆≀ࡢദወᙧᛶࡢ᳨ウ࡟౑⏝ࡉࢀ࡚ࡁࡓࠋ 
⬇࣭⫾ඣⓎ⏕ẘᛶヨ㦂࡛ࡣ୺࡟⫾ඣࡢወᙧࡸኚ␗ࡢቑຍࢆホ౯ࡍࡿࡀࠊ୍⯡ⓗ࡟ࠊ་⸆ရೃ⿵
໬ྜ≀࡟ࡼࡾㄏⓎࡉࢀࡿᙧែᏛⓗኚ໬ࡢⓎ⏕㢖ᗘࡀ㢧ⴭ࡟ቑຍࡍࡿ౛ࡣᑡ࡞ࡃࠊⓎ⏕㢖ᗘࡢࢃࡎ
࠿࡞ቑຍࡀ໬ྜ≀ࡢᙳ㡪࠿ྰ࠿ࢆ⮬↛Ⓨ⏕ࡢ㢖ᗘ࡜ẚ㍑ࡋุ࡚᩿ࡍࡿࡇ࡜ࡀᚲせ࡟࡞ࡿࠋࡑࡢࡓ
ࡵࠊ⬇࣭⫾ඣⓎ⏕ẘᛶヨ㦂࡟౑⏝ࡍࡿᐇ㦂ື≀ࡢ᭷⏝ᛶࢆ᳨ドࡍࡿ㝿࡟ࡣࠊᙜヱື≀ࡢ⮬↛Ⓨ⏕
ࡢወᙧࡸኚ␗ࡢ✀㢮࠾ࡼࡧ㢖ᗘ࡟㛵ࡍࡿࢹ࣮ࢱ(⫼ᬒࢹ࣮ࢱ)ࢆ༑ศ࡟ᢕᥱࡍࡿ࡜ඹ࡟ࠊࡑࡢ≉ᛶࡸ
⿕㦂≀㉁࡟ᑐࡍࡿឤཷᛶࡀ㛗ᮇ㛫Ᏻᐃࡋ࡚࠸ࡿࡇ࡜ࢆ☜ㄆࡍࡿࡇ࡜ࡀ⫢せ࡛࠶ࡿࠋࡋ࠿ࡋ࡞ࡀࡽࠊ
ࢧࣜࢻ࣐࢖ࢻࡢ⬇࣭⫾ඣⓎ⏕࡟ᑐࡍࡿᙳ㡪࡟ࡘ࠸࡚᪥ᮏⓑⰍ✀(JW㸸Japanese white)ࢆ⏝࠸࡚ホ౯
ࡍࡿ࡟࠶ࡓࡾࠊᮏ⣔⤫ࡢ࢘ࢧࢠ⫾ඣ࡟࠾ࡅࡿ⮬↛Ⓨ⏕ࡢወᙧ࣭ኚ␗ࡢࢹ࣮ࢱࡸࢧࣜࢻ࣐࢖ࢻ࡟ࡼ
ࡗ࡚ㄏⓎࡉࢀࡿወᙧࡢሗ࿌ࡣ୙༑ศ࡛࠶ࡗࡓࠋ་⸆ရ㛤Ⓨ࡟࠾࠸࡚⸆≀ࡢദወᙧᛶࡢ᭷↓ࡢุ᩿
ࡣᴟࡵ࡚㔜せ࡛࠶ࡾࠊࡑࡢ᳨ᐃ࡟ࡣཝᐦ࡞᳨ドࡀᚲせ࡛࠶ࡿࠋᚑࡗ࡚ࠊᮏ㑥࡛ࡼࡃ౑⏝ࡉࢀࡿ
Kbl:JW ࢘ࢧࢠ(⏕⏘⪅㸸໭ᒣࣛ࣋ࢫᰴᘧ఍♫)࡟ࡘ࠸࡚⫼ᬒࢹ࣮ࢱࡢ㐳ཬⓗ࡞ホ౯ࢆ⾜࠸ࠊࢧࣜࢻ
࣐࢖ࢻ࡬ࡢឤཷᛶ࡟ᑐࡍࡿ⤒᫬ⓗ࡞ኚ໬ࡢ᭷↓ࡢ᳨ドࢆ᭱ึࡢ┠ⓗ࡜ࡋࡓࠋ 
ࡲࡓࠊ⬇࣭⫾ඣⓎ⏕ẘᛶヨ㦂࡟౑⏝ࡉࢀ࡚࠸ࡿ࢘ࢧࢠࡢ⣔⤫ࡣࠊୡ⏺ⓗ࡟ࡣࢽ࣮ࣗࢪ࣮ࣛࣥࢻ
ⓑⰍ✀(NZW㸸New Zealand white)ࡀ࡯࡜ࢇ࡝࡛࠶ࡿࠋᮏ㑥࡟࠾࠸࡚ࡶ NZW⣔⤫ࡀከࡃ౑⏝ࡉࢀ࡚
࠸ࡿࡀࠊ᪥ᮏ࡛సฟࡉࢀࡓ JW ⣔⤫ࡶẚ㍑ⓗࡼࡃ⏝࠸ࡽࢀ࡚࠸ࡿࠋ་⸆ရ㛤Ⓨࡢࡓࡵࡢẘᛶヨ㦂
ࡣୡ⏺ⓗ࡟⾜ࢃࢀ࡚࠾ࡾࠊ௚⣔⤫࡛ࡢヨ㦂⤖ᯝࢆ஫࠸࡟ཧ⪃࡟ࡍࡿᚲせᛶࡶቑ኱ࡋ࡚࠸ࡿࡇ࡜࠿
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ࡽദወᙧᛶ≀㉁࡟ᑐࡍࡿឤཷᛶࡣ⣔⤫㛫࡛኱ᕪ࡞ࡃࠊẚ㍑ྍ⬟࡛࠶ࡿࡇ࡜ࡀᮃࡲࡋ࠸ࠋࡼࡗ࡚ࠊ
Kbl:NZW(⏕⏘⪅㸸໭ᒣࣛ࣋ࢫᰴᘧ఍♫)࡜ Kbl:JW࢘ࢧࢠࢆ⏝࠸࡚ࢧࣜࢻ࣐࢖ࢻࡢ⬇࣭⫾ඣⓎ⏕ẘ
ᛶヨ㦂࠾ࡼࡧወᙧ࡟ᑐࡍࡿឤཷᮇࡢ᳨ウヨ㦂ࢆᐇ᪋ࡋࠊ⣔⤫ᕪࢆẚ㍑ࡋࡓࠋ 
ᐇ㦂ື≀ࡢࢹ࣮ࢱࢆࣄࢺ࡛ࡢ๪స⏝ࡢண ࡟౪ࡍࡿࡓࡵ࡟ࡣࠊࡲࡎᙜヱື≀࡟࠾ࡅࡿస⏝ᶵᗎ
ࢆ᫂ࡽ࠿࡟ࡋࠊࡑࡢస⏝ᶵᗎࡀࣄࢺ࡟እᤄࡋᚓࡿࡶࡢ࠿࡝࠺࠿ࢆ᳨ウࡍࡿᚲせࡀ࠶ࡿࠋࢧࣜࢻ࣐
࢖ࢻࡢദወᙧᛶࠊ≉࡟ᅄ⫥࡟ㄏⓎࡉࢀࡿወᙧࡢస⏝ᶵᗎ࡟ࡘ࠸࡚ࡣࠊ୺࡟ࢽ࣡ࢺࣜ࠾ࡼࡧࢮࣈࣛ
ࣇ࢕ࢵࢩࣗ࡞࡝ࡢᐇ㦂ື≀᳨࡛ドࡉࢀ࡚ࡁࡓࡀࠊᮍࡔ୙༑ศ࡛࠶ࡾࠊࣄࢺ࡬ࡢእᤄᛶ࡟㛵ࡍࡿ⪃
ᐹࡶ༑ศ࡜ࡣゝ࠼࡞࠿ࡗࡓࠋ࢘ࢧࢠ࡟࠾࠸࡚ࡶࠊNZW⣔⤫࡛⾜ࢃࢀࡓᅄ⫥ወᙧ࡟㛵ࡍࡿᙧែᏛⓗ
ゎᯒࡸศᏊⓎ⏕Ꮫⓗ࡞ほⅬ࠿ࡽࡢሗ࿌ࡣᩓぢࡉࢀࡿࡶࡢࡢࠊJW⣔⤫࡛ࡣศᏊⓎ⏕Ꮫⓗ࡞ゎᯒࡣሗ
࿌ࡉࢀ࡚࠸࡞࠿ࡗࡓࠋJW⣔⤫࡟࠾࠸࡚⫥ⱆࡢṇᖖⓎ⏕᫬࡟࠾ࡅࡿ㑇ఏᏊⓎ⌧࡜ࡑࢀ࡟ཬࡰࡍࢧࣜ
ࢻ࣐࢖ࢻࡢᙳ㡪ࢆㄪ࡭ࡿࡇ࡜ࡣࠊᮏ⣔⤫ࡢ࢘ࢧࢠ࡟࠾ࡅࡿࢧࣜࢻ࣐࢖ࢻㄏⓎᛶወᙧࡢస⏝ᶵᗎ࡟
ᑐࡍࡿ⌮ゎࢆ῝ࡵࡿ࡜࡜ࡶ࡟ࠊࣄࢺ࡬ࡢእᤄᛶࢆ⪃ᐹࡍࡿ㝿࡟᭷⏝࡞ࢹ࣮ࢱࢆᥦ౪ࡍࡿࡇ࡜࡟⧅
ࡀࡿ࡜⪃࠼ࡽࢀࡓࠋᚑࡗ࡚ࠊKbl:JW࢘ࢧࢠ⬇࡟࠾࠸࡚⫥ᙧᡂ࡟㛵୚ࡍࡿ㑇ఏᏊ⩌ࡢ⫥ⱆ࡛ࡢⓎ⌧
ኚ໬ࢆᑐ↷⩌࡜ࢧࣜࢻ࣐࢖ࢻฎ⨨⩌࡛ẚ㍑ゎᯒࡍࡿࡇ࡜࡟ࡼࡾࠊࢧࣜࢻ࣐࢖ࢻࡢ⬇࣭⫾ඣⓎ⏕ẘ
ᛶ◊✲࡟࠾ࡅࡿ Kbl:JW࢘ࢧࢠࡢ᭷⏝ᛶࢆศᏊⓎ⏕Ꮫⓗ࡞ഃ㠃࠿ࡽ⪃ᐹࡋࡓࠋ 
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1-2 ࢘ࢧࢠࢆ⏝࠸ࡓ⬇࣭⫾ඣⓎ⏕ẘᛶホ౯ 
 
་⸆ရࡢ㛤Ⓨ࡟࠾࠸࡚ࡣࠊࣄࢺ࡛ࡢ๪స⏝ࢆண ࡍࡿࡓࡵ࡟ࠊ㠀⮫ᗋẘᛶヨ㦂ࡀᐇ᪋ࡉࢀࡿࠋ
ẘᛶヨ㦂࡟ࡣࠊᛴᛶẘᛶࡸ㛗ᮇⓗ࡞ᢞ୚࡟ࡼࡿ៏ᛶẘᛶࢆㄪ࡭ࡿࡓࡵࡢ୍⯡ẘᛶヨ㦂࡜⏕Ṫ࣭Ⓨ
⏕ẘᛶࡸࡀࢇཎᛶࢆㄪ࡭ࡿࡓࡵࡢ≉Ṧẘᛶヨ㦂ࡀ࠶ࡿࠋ 
⏕Ṫ࣭Ⓨ⏕ẘᛶヨ㦂ࡣࠊ(1)஺㓄๓࠿ࡽ஺ᑿࠊ╔ᗋ࡟⮳ࡿࡲ࡛ࡢ⿕㦂≀㉁ࡢᢞ୚࡟㉳ᅉࡍࡿ㞤㞝
ື≀ࡢẘᛶ࠾ࡼࡧ㞀ᐖࢆ᳨⣴ࡍࡿࠕཷ⫾⬟࠾ࡼࡧ╔ᗋࡲ࡛ࡢึᮇ⬇Ⓨ⏕࡟㛵ࡍࡿヨ㦂 ࠖࠊ(2)╔ᗋ࠿
ࡽ㞳ஙࡲ࡛ࡢ㛫ࠊ㞤ື≀࡟⿕㦂≀㉁ࢆᢞ୚ࡋࠊዷፎ㸭ᤵஙᮇࡢ㞤ື≀ࠊཷ⫾⏘≀࠾ࡼࡧฟ⏕ඣࡢ
Ⓨ⏕࡟ཬࡰࡍᝏᙳ㡪ࢆ᳨⣴ࡍࡿࠕฟ⏕๓࠾ࡼࡧฟ⏕ᚋࡢⓎ⏕࡞ࡽࡧ࡟ẕయࡢᶵ⬟࡟㛵ࡍࡿヨ㦂ࠖ
࡞ࡽࡧ࡟(3)╔ᗋ࠿ࡽ◳ཱྀ⵹ࡀ㛢㙐ࡍࡿࡲ࡛ࡢᮇ㛫୰㞤ື≀࡟⿕㦂≀㉁ࢆᢞ୚ࡋࠊዷፎື≀࠾ࡼࡧ
⬇࣭⫾ඣࡢⓎ⏕࡟ཬࡰࡍᝏᙳ㡪ࢆ᳨⣴ࡍࡿࠕ⬇࣭⫾ඣⓎ⏕࡟㛵ࡍࡿヨ㦂ࠖࡢ 3 ✀㢮ࡢヨ㦂ࡀ⾜ࢃ
ࢀ࡚࠸ࡿࠋࡇࡢ୰࡛ࠊ་⸆ရࡢദወᙧᛶࢆㄪ࡭ࡿࠕ⬇࣭⫾ඣⓎ⏕࡟㛵ࡍࡿヨ㦂ࠖ࡟࠾࠸࡚ࡣࠊ2
✀㢮ࡢ့ஙື≀ࢆ⏝࠸ࡿࡇ࡜ࡀせồࡉࢀ࡚࠾ࡾࠊࡆࡗṑ㢮࡜ࡋ࡚ࣛࢵࢺࡀࠊ㠀ࡆࡗṑ㢮࡜ࡋ࡚࢘
ࢧࢠࡀᮃࡲࡋ࠸࡜ࡉࢀ࡚࠸ࡿ(ཌ⏕┬⸆ົᒁ 1997ᖺ)ࠋ࢘ࢧࢠࡀᮃࡲࡋ࠸࡜ࡉࢀࡿ⌮⏤ࡣࠊ⫼ᬒࢹ
࣮ࢱࡀẚ㍑ⓗ㇏ᐩ࡛࠶ࡿࡇ࡜ࠊධᡭࡋ᫆ࡃᐇ⏝ⓗ࡛࠶ࡿࡇ࡜ࡀᣲࡆࡽࢀ࡚࠸ࡿࠋ࢘ࢧࢠࡣᛶᡂ⇍
࡟㐩ࡍࡿ࡜ 1ᖺ୰⦾Ṫࡀྍ⬟࡛࠶ࡾࠊ࢖ࢾࡸࢧࣝ࡟ẚ࡭࡚ዷፎᮇ㛫ࡶ 1ࣨ᭶ᙅ࡜▷ࡃࠊᛶ㉁ࡀẚ
㍑ⓗ✜࿴࡛࠶ࡾࠊከ⏘࡛࠶ࡿࡇ࡜ࡀᐇ⏝ᛶ࡟ᐤ୚ࡋ࡚࠸ࡿࡶࡢ࡜⪃࠼ࡽࢀࡿࠋࡑࡢ௚ࠊయᆺࡀࡸ
ࡸ኱ࡁࡃ⫾ඣࡢほᐹࡀẚ㍑ⓗᐜ࡛᫆࠶ࡿࡇ࡜ࡶ⌮⏤ࡢ୍ࡘ࡜ࡉࢀ࡚࠸ࡿ(་⸆ရ㠀⮫ᗋヨ㦂࢞࢖
ࢻࣛ࢖ࣥ◊✲఍ 2010 ᖺ)ࠋࡲࡓࠊࣄࢺ࡜ື≀ࡢദወᙧᛶヨ㦂ᡂ⦼ࡢ୍⮴⋡ࢆࡳࡿ࡜ࣄࢺ࡛ദወᙧ
ᛶࢆ♧ࡍ 38 ໬ྜ≀࡜♧ࡉ࡞࠸ 165 ໬ྜ≀࡟ᑐࡋ࡚ᮇᚅࡉࢀࡿ㝧ᛶ཯ᛂ࡜㝜ᛶ཯ᛂࡀࣛࢵࢺ࡛ࡣ
80࠾ࡼࡧ 50%࡛࠶ࡿࡢ࡟ᑐࡋࠊ࢘ࢧࢠ࡛ࡣ 60࠾ࡼࡧ 70%࡛࠶ࡿ(Federal Register 1980ᖺ)ࠋࣛࢵࢺ
࡛ࡣ㝧ᛶ཯ᛂ⋡ࡀ㧗࠸཯㠃ࠊᨃ㝧ᛶ཯ᛂ⋡ࡶ㧗ࡃࠊ୍᪉࡛࢘ࢧࢠ࡛ࡣ㝧ᛶ཯ᛂ⋡ࡀⱝᖸప࠸ࡶࡢ
ࡢᨃ㝧ᛶ཯ᛂ⋡ࡶẚ㍑ⓗప࠸ࡇ࡜࠿ࡽࠊ⬇࣭⫾ඣⓎ⏕ẘᛶヨ㦂࡛ᚲせ࡜ࡉࢀࡿࡆࡗṑ㢮௨እࡢ✀
࡛ࡢホ౯࡟౑⏝ࡉࢀࡿື≀✀࡜ࡋ࡚᥎⸀ࡋᚓࡿ࡜ࡉࢀ࡚࠸ࡿ(᪥ᮏࢺ࢟ࢩࢥࣟࢪ࣮Ꮫ఍ᩍ⫱ጤဨ
఍ 2009ᖺ)ࠋ 
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࢘ࢧࢠࢆ⏝࠸ࡓ⬇࣭⫾ඣⓎ⏕ẘᛶヨ㦂࡟࠾࠸࡚ࡣࠊ㏻ᖖࠊ╔ᗋ᫬ᮇ࡛࠶ࡿዷፎ 6-7 ᪥࡟⿕㦂≀
㉁ࡢᢞ୚ࢆ㛤ጞࡋࠊཱྀ⵹ࡀ㛢㙐ࡍࡿዷፎ 18-19 ᪥ࡲ࡛ᢞ୚ࢆ⥅⥆ࡍࡿࠋ୺せ࡞⮚ჾ࣭⤌⧊ࡀᙧᡂ
ࡉࢀࡿࡇࡢᮇ㛫࡟⿕㦂≀㉁࡟᭚㟢ࡍࡿࡇ࡜࡛ࠊദወᙧᛶࢆྵࡴ⫾ඣẘᛶࢆホ౯ࡍࡿࠋᢞ୚ᚋࠊዷ
ፎᮎᮇ࡛࠶ࡿዷፎ 28-29 ᪥࡟ᖇ⋤ษ㛤ࡋࠊ㯤యᩘࠊ╔ᗋᩘ࠾ࡼࡧṚஸ⬇㸭⫾ඣᩘࢆィᩘࡍࡿࠋ᦬
ฟࡋࡓ⫾ඣࡣࠊእ⾲␗ᖖࡢ᭷↓ࢆほᐹࡋࠊ㢌㒊ࠊ⬚㒊࠾ࡼࡧ⭡㒊ࢆษ㛤ࡋࠊෆ⮚␗ᖖ࠾ࡼࡧኚ␗
ࢆ᳨ᰝࡍࡿࠋෆ⮚ࢆ᦬ฟࡋࡓ⫾ඣࡣࠊ๤⓶ࡋࠊ㦵᱁ࢆᰁⰍࡋࡓᚋ࡟㦵᱁␗ᖖ࠾ࡼࡧኚ␗ࢆほᐹࡍ
ࡿࠋᚓࡽࢀࡓࢹ࣮ࢱࡣᑐ↷⩌ࢹ࣮ࢱ࡜ẚ㍑ࡋࠊ⿕㦂≀㉁ᢞ୚㔞࡜ࡢ┦㛵ᛶࢆㄪ࡭ࠊ᫬࡟⫼ᬒࢹ࣮
ࢱ࡜ࡶ↷ࡽࡋྜࢃࡏ࡚ᢞ⸆㉳ᅉࡢኚ໬ࡢ᭷↓ࢆホ౯ࡍࡿࠋ 
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1-3 ࢧࣜࢻ࣐࢖ࢻࡢദወᙧᛶ 
 
ࢧࣜࢻ࣐࢖ࢻࡣࠊẘᛶヨ㦂࡟࠾࠸࡚㐣๫㔞ࢆᢞ୚ࡋ࡚ࡶ⮴Ṛస⏝ࡀࡳࡽࢀ࡞࠸Ᏻ඲ᛶࡢ㧗࠸ദ
╀㙠㟼⸆࡜ࡋ࡚すࢻ࢖ࢶࡢ Grünenthal GmbH (ࢢࣜࣗࢿࣥࢱ࣮ࣝ♫)ࡀ 1957ᖺ࡟Ⓨ኎ࢆ㛤ጞࡋࠊዷ
፬ࡢࡘࢃࡾࡢ἞⒪࡟ࡶ౑⏝ࡉࢀࡓࠋࡑࡢᚋࠊ㔜⑕ࡢᅄ⫥ወᙧࢆ᭷ࡍࡿฟ⏕ඣࡢቑຍࡀすࢻ࢖ࢶࡢ
Ꮫ఍➼࡛ሗ࿌ࡉࢀࠊ1961 ᖺ࡟࢔ࢨࣛࢩ⫥⑕ࢆྵࡴᅄ⫥ࡢపᙧᡂ࠾ࡼࡧ↓ᙧᡂࡢቑຍ࡟ࡘ࠸࡚
McBride࠾ࡼࡧ Lenzࡽࡀㄽᩥሗ࿌ࡋ(McBride 1961ᖺࠊLenz 1961ᖺ)ࠊࢧࣜࢻ࣐࢖ࢻࡣᕷሙ࠿ࡽᅇ
཰ࡉࢀࡓࠋ 
ᙜ᫬ࠊ⏕Ṫẘᛶヨ㦂ࡣࠊ⏕Ṫჾ࡟㑅ᢥⓗ࡟స⏝ࡍࡿ་⸆ရࢆ㝖࠸࡚㏻ᖖᐇ᪋ࡉࢀ࡚࠾ࡽࡎࠊࡑ
ࡢヨ㦂᪉ἲࡶࠊⓎ⏕㐣⛬࡟࠶ࡿ⬇࠾ࡼࡧ⫾ඣ࡬ࡢᙳ㡪ࢆㄪ࡭ࡿࡢ࡛ࡣ࡞ࡃࠊ」ᩘୡ௦ࡢዷፎ⋡ࠊ
୍⭡ࡢฟ⏕ඣᩘ࠾ࡼࡧฟ⏕ඣࡢⓎ⫱ࢆホ౯ࡋ࡚࠾ࡾࠊ໬Ꮫ≀㉁ࡢദወᙧᛶࢆホ౯࡛ࡁ࡞࠸ヨ㦂࡛
࠶ࡗࡓ(Schardein 2000ᖺ)ࠋ᪥ᮏ࡟࠾࠸࡚ࡶࠊࢧࣜࢻ࣐࢖ࢻࡀⓎ኎୰Ṇ࡜࡞ࡗࡓ᫛࿴ 37ᖺ(1962ᖺ)
ࡲ࡛ࠊ⏕Ṫ࣭Ⓨ⏕࡟㛵ࡍࡿ㠀⮫ᗋẘᛶヨ㦂ࡣ⾜ࢃࢀ࡚࠾ࡽࡎࠊዷ፬࡟ᑐࡍࡿ౑⏝つไࡶ࡞࠿ࡗࡓࠋ
ࢧࣜࢻ࣐࢖ࢻ஦௳ࢆዎᶵ࡟ࠊᐇ㦂ື≀ࢆ⏝࠸ࡓ⏕ṪⓎ⏕ẘᛶホ౯᪉ἲࡀᩚഛࡉࢀࠊ᪥ᮏ࡟࠾࠸࡚
ࡣࠊື≀ࢆ⏝࠸ࡓ᭱ึࡢ㠀⮫ᗋẘᛶヨ㦂࢞࢖ࢻࣛ࢖ࣥ࡜ࡋ࡚ࠊ᫛࿴ 38ᖺ(1963ᖺ) 4᭶࡟ࠕ⫾ඣ࡟
ཬࡰࡍᙳ㡪࡟㛵ࡍࡿẘᛶヨ㦂ἲ࢞࢖ࢻࣛ࢖ࣥࠖࡀཌ⏕┬⸆ົᒁ㏻▱࡜ࡋ࡚Ⓨฟࡉࢀࡓ(་⸆ရ㠀⮫
ᗋヨ㦂࢞࢖ࢻࣛ࢖ࣥ◊✲఍ 2010 ᖺ)ࠋࢧࣜࢻ࣐࢖ࢻࡣࠊࡉࡲࡊࡲ࡞ື≀࡟✀ࠎࡢወᙧࢆㄏⓎࡍࡿ
ࡀࠊࣄࢺࡢሙྜ࡜ྠᵝࡢᅄ⫥ወᙧࡀ෌⌧ᛶࢆࡶࡗ࡚ㄏⓎࡉࢀࡿື≀ࡣࢧࣝ࡜࢘ࢧࢠࡢࡳ࡛࠶ࡗࡓ
(Schardein 2000ᖺ)ࠋࡇࡢࡇ࡜ࡀࠊ࢘ࢧࢠࡀ་⸆ရ㛤Ⓨ࡟࠾ࡅࡿ⬇࣭⫾ඣⓎ⏕ẘᛶヨ㦂ࡢ౑⏝ື≀
࡜ࡋ࡚᥎ዡࡉࢀࠊ౛♧ࡉࢀ࡚࠸ࡿ୍ᅉ࡛࠶ࡿࠋ 
ࢧࣜࢻ࣐࢖ࢻ࡟ࡼࡗ࡚ࣄࢺ࡟ㄏⓎࡉࢀࡿ≉ᚩⓗ࡞ወᙧࡣࠊ๓ᚋ⫥ࡢ↓⫥⑕࠶ࡿ࠸ࡣ࢔ࢨࣛࢩ⫥
⑕࡛࠶ࡿࠋ↓⫥⑕ࡣࠊᅄ⫥ࡢ᏶඲࡞Ḟᦆࠊ࠶ࡿ࠸ࡣⴭࡋࡃ▷⦰ࡋࡓᇶ⬮(ୖ⭎㦵㸭኱⭣㦵)࡞ࡽࡧ࡟
Ḟᦆࡋࡓ㌼⬮(ᶨ㦵࠾ࡼࡧᑻ㦵㸭⬯㦵࠾ࡼࡧ⭌㦵)࡜⮬⬮(ᡭ᰿㦵㸭㊊᰿㦵࠾ࡼࡧᣦ)ࢆ≉ᚩ࡜ࡋࠊ࢔
ࢨࣛࢩ⫥⑕ࡣࠊᇶ⬮࠾ࡼࡧ㌼⬮ࡢ▷⦰࠶ࡿ࠸ࡣḞᦆ࡜࡯ࡰṇᖖ࡞⮬⬮ࢆ≉ᚩ࡜ࡍࡿᅄ⫥ወᙧ࡛࠶
ࡿࠋࡑࡢ௚ࠊࣄࢺ࡛ప㢖ᗘ࡟ࡳࡽࢀࡿወᙧ࡟ࡣࠊᚰ⮚࠾ࡼࡧ⭈⮚ࡢወᙧࠊᑠ║⌫⑕࠾ࡼࡧእ⪥Ḟ
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ᦆࡀ࠶ࡿ(Knoblochࡽ 2011ᖺ)ࠋ 
࢘ࢧࢠ࡛ࡣࠊࢧࣜࢻ࣐࢖ࢻ࡟ࡼࡿᅄ⫥ወᙧ࡜ࡋ࡚ࠊ↓⫥⑕ࡸ࢔ࢨࣛࢩ⫥⑕࡜࠸ࡗࡓ㔜⠜࡞⬮㒊
ࡢḞᦆ࠶ࡿ࠸ࡣ▷⦰ࡣ⏕ࡌ࡞࠸ࡀࠊ␗ᖖᅇ㌿ᡭࡸᶨ㦵ࠊ኱⭣㦵࠾ࡼࡧ⬯㦵ࡢḞᦆࡲࡓࡣ▷ᑠ໬࡜
࠸ࡗࡓࣄࢺ࡜ẚ࡭࡚┦ᑐⓗ࡟㍍ᗘ࡞ኚ໬ࡀࡳࡽࢀࡿࠋࡲࡓࠊᚰ⾑⟶⣔ࡢወᙧࡸ⭈⮚ࡢḞᦆ࡞ࡽࡧ
࡟ᑠ║⌫⑕ࡣࣄࢺ࡜ྠᵝ࡟⏕ࡎࡿࠋࡑࡢ௚ࠊ㧊⭷⬻⒗ࡸ㢌㒊㢦㠃㦵ࡢḞᦆࠊỈ㢌⑕࡞࡝ࡶࡳࡽࢀ
ࡿࡀࠊࡇࢀࡽࡣࣄࢺ࡛ࡣ⫾ඣ࠶ࡿ࠸ࡣฟ⏕ᚋࡢṚஸ࡟ࡘ࡞ࡀࡿኚ໬࡛࠶ࡿࡇ࡜࠿ࡽࠊ༑ศ࡞ࢹ࣮
ࢱ࡜ࡋ࡚ሗ࿌ࡉࢀ࡚࠸࡞࠸ྍ⬟ᛶࡀ࠶ࡿࠋ 
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1-4 ࢧࣜࢻ࣐࢖ࢻࡢᅄ⫥ወᙧㄏⓎ࣓࢝ࢽࢬ࣒ 
 
ࢧࣜࢻ࣐࢖ࢻࡢᅄ⫥ወᙧㄏⓎ࣓࢝ࢽࢬ࣒࡟ࡘ࠸࡚ࡣࠊ㛗ᮇ㛫࡟ࢃࡓࡗ࡚◊✲ࡀ⥅⥆ࡉࢀ࡚࠾ࡾࠊ
✀ࠎࡢ࣓࢝ࢽࢬ࣒ࡀᥦၐࡉࢀ࡚ࡁࡓࠋࡑࡢ୍ࡘࡢ㓟໬ࢫࢺࣞࢫㄝ࡛ࡣࠊ࢘ࢧࢠ࡟࠾࠸࡚ࢧࣜࢻ࣐
࢖ࢻ࡟ࡼࡿ DNA ࡢ㓟໬ࡀάᛶ㓟⣲✀ࢆ௓ࡋ࡚⬇࡛⏕ࡎࡿࡇ࡜ࠊάᛶ㓟⣲✀ࢆ୙άᛶ໬ࡍࡿ
D-phenyl N-t-butylnitroneࡢᢞ୚࡟ࡼࡗ࡚ DNAࡢ㓟໬࡜ᅄ⫥ወᙧࡢㄏⓎࡀඹ࡟ᢚไࡉࢀࡿࡇ࡜ࠊࢧ
ࣜࢻ࣐࢖ࢻ࡟ࡼࡿദወᙧᛶࡀㄏⓎࡉࢀ࡞࠸࣐࢘ࢫ࡛ࡣ DNA ࡢ㓟໬ࡀ⏕ࡌ࡞࠸ࡇ࡜ࡀ᫂ࡽ࠿ࡉࢀ
ࡓ(Parmanࡽ 1999ᖺ)ࠋࡲࡓࠊ⾑⟶᪂⏕㜼ᐖㄝ࡛ࡣࠊFgf2⺮ⓑ㉁࡟ࡼࡗ࡚ㄏᑟࡉࢀࡓ࢘ࢧࢠゅ⭷ࡢ
⾑⟶᪂⏕࡟ᑐࡋ࡚ࢧࣜࢻ࣐࢖ࢻࡀ㜼ᐖస⏝ࢆ᭷ࡋ(D’Amatoࡽ 1994ᖺ)ࠊ㜼ᐖస⏝ࡢ࡞࠸ࢧࣜࢻ࣐
࢖ࢻㄏᑟయࡣࢽ࣡ࢺࣜ⬇࡟࠾࠸࡚ᅄ⫥ወᙧࢆㄏⓎࡋ࡞࠸ࡇ࡜ࡀሗ࿌ࡉࢀ࡚࠸ࡿ(Therapontos ࡽ
2009ᖺ)ࠋࡋ࠿ࡋ࡞ࡀࡽࠊ࠸ࡎࢀࡢࣔࢹࣝ࡟࠾࠸࡚ࡶᅄ⫥࡞࡝ࡢ≉ᐃࡢ㒊఩࡛≉ᚩⓗ࡞ወᙧࡀ⏕ࡎ
ࡿ⌮⏤ࡣࠊ࠸ࡲࡔ୙࡛᫂࠶ࡿࠋ 
ࢧࣜࢻ࣐࢖ࢻ࡟ࡼࡿᅄ⫥ወᙧࡢㄏⓎ࡟㛵ࡋࠊ⫥ᙧᡂ࡟㛵୚ࡍࡿ㑇ఏᏊ࡬ࡢᙳ㡪ࡣࠊ࢘ࢧࢠࠊࢮ
ࣈࣛࣇ࢕ࢵࢩࣗ࠾ࡼࡧࢽ࣡ࢺ࡛ࣜㄪ࡭ࡽࢀ࡚࠸ࡿࠋ࢘ࢧࢠ࡛ࡣ Fgf8ࠊFgf10࠾ࡼࡧ Twistࡢ๓⫥ⱆ
࡛ࡢⓎ⌧ࡀࠊࢮࣈࣛࣇ࢕ࢵࢩ࡛ࣗࡣ Fgf8ࡢ㫅ⱆ࡛ࡢⓎ⌧ࡀࠊࢽ࣡ࢺ࡛ࣜࡣ Fgf8࠾ࡼࡧ Fgf10ࡢ⫥
ⱆ࡛ࡢⓎ⌧ࡀࢧࣜࢻ࣐࢖ࢻ࡟ࡼࡗ࡚పୗࡍࡿࡇ࡜ࡀwhole mount in situ hybridization (WISH)ἲ࡛ㄪ
࡭ࡽࢀ࡚࠸ࡿ(Hansenࡽ 2002ᖺࠊItoࡽ 2010ᖺ)ࠋࢽ࣡ࢺ࡛ࣜࡣࢧࣜࢻ࣐࢖ࢻ࡬ࡢ᭚㟢࡟ࡼࡾ Fgf8
࠾ࡼࡧ Fgf10ࡣ⫥ⱆ࡛ቑῶࡍࡿࡇ࡜ࠊBmp4ࠊBmp5ࠊBmp7ࠊDkk1࠾ࡼࡧ Irs2ࡣቑຍࡋࠊTbx5࠾
ࡼࡧ Sall4 ࡣపୗࡍࡿࡇ࡜ࡀ Knobloch ࡽ࡟ࡼࡗ࡚ RT-PCR ἲ᳨࡛ฟࡉࢀ࡚࠸ࡿ(Knobloch ࡽ 2007
ᖺࠊ2008ᖺ࠾ࡼࡧ 2011ᖺࠊKnobloch࠾ࡼࡧ Ruther 2008ᖺ)ࠋBmp4࡜ Dkk1ࡣࠊእ⬇ⴥᛶ㡬ሐ(AER)
࠾ࡼࡧࡑࡢ┤ୗࡢ㛫඘⧊࡛Ⓨ⌧ࡋ࡚࠾ࡾࠊࢧࣜࢻ࣐࢖ࢻࡢ᭚㟢࡟ࡼࡗ࡚ࡇࢀࡽࡢⓎ⌧ࡀࢽ࣡ࢺࣜ
⬇ࡢ⫥ⱆ࡛ቑຍࡍࡿࡇ࡜ࡶWISHἲ᳨࡛ฟࡉࢀ࡚࠸ࡿ(Knoblochࡽ 2007ᖺ)ࠋࡇࢀࡽࡢ㑇ఏᏊࡢ㛵
㐃ᛶ࡟㛵ࡋ࡚ࡣ Knoblochࡽࡶ≉ᐃࡢࢩࢢࢼࣝఏ㐩⤒㊰ࡣ♧ࡋ࡚࠸࡞࠸ࡀࠊࢧࣜࢻ࣐࢖ࢻ࡟ࡼࡾ⫥
ⱆࡢணᐃ㡿ᇦ࡛Ⓨ⏕ࡋࡓάᛶ㓟⣲✀ࡀ NF-kBࢆᢚไࡋࠊࡑࢀࡀ BmpࡢⓎ⌧ቑຍࡸ Twistࡢపୗࢆ
ࡶࡓࡽࡍ⤒㊰ࡸࠊάᛶ㓟⣲✀ࡀ p53ࡸ c-Junࢆ㏻ࡌ࡚ Dkk1ࡢⓎ⌧ࢆㄏᑟࡍࡿ⤒㊰ࢆ᥎ᐹࡋ࡚࠸ࡿ
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(Knoblochࡽ 2011ᖺ)ࠋ 
୍᪉࡛ࠊ㏆ᖺࠊItoࡽࡣ cereblon㑇ఏᏊࡀࢧࣜࢻ࣐࢖ࢻࡢദወᙧᛶ࡟㛵㐃ࡍࡿ࡜⪃࠼ࡽࢀࡿ஦ࢆ
ሗ࿌ࡋࡓ(Itoࡽ 2010ᖺ)ࠋcereblon⺮ⓑ㉁ࡣ E3ࣘࣅ࢟ࢳ࣮ࣥࣜ࢞ࢮࡢᵓᡂ⺮ⓑ㉁ࡢ 1ࡘ࡛࠶ࡾࠊ
ࢧࣜࢻ࣐࢖ࢻ࡜⤖ྜࡍࡿ࡜ E3ࣘࣅ࢟ࢳ࣮ࣥࣜ࢞ࢮࡢᶵ⬟ࡀ㜼ᐖࡉࢀࡿࠋࢮࣈࣛࣇ࢕ࢵࢩࣗ࡟࠾࠸
࡚ cereblon ࡢ࣍ࣔࣟࢢ࡛࠶ࡿ zCrbn ࡢⓎ⌧ࢆᢚไࡍࡿ࡜ࠊࢧࣜࢻ࣐࢖ࢻฎ⌮࡜㢮ఝࡋࡓࣄࣞࡢ▷
⦰ࡀㄏⓎࡉࢀࡿࡇ࡜ࡀሗ࿌ࡉࢀ࡚࠸ࡿࠋࡲࡓࠊࢧࣜࢻ࣐࢖ࢻ࡜⤖ྜࡋ࡞࠸ࢱ࢖ࣉࡢኚ␗ࢆᑟධࡋ
ࡓ㑇ఏᏊ zCrbnYA/AA࡟ࡼࡗ࡚ࠊࢧࣜࢻ࣐࢖ࢻ࡟ࡼࡿദወᙧᛶࡀᾘኻࡍࡿࡇ࡜ࡶ♧ࡉࢀࡓࠋࡋ࠿ࡋ
࡞ࡀࡽࠊcereblonࡣࣄࢺ࡟࠾࠸࡚ࣘࣅ࢟ࢱࢫ࡟Ⓨ⌧ࡋ࡚࠸ࡿࡇ࡜࠿ࡽ(Suࡽ 2004ᖺ)ࠊࢧࣜࢻ࣐࢖
ࢻ࡟ࡼࡗ࡚ᅄ⫥࡞࡝ࡢ≉ᐃࡢ㒊఩࡟ወᙧࡀㄏⓎࡉࢀࡿ࣓࢝ࢽࢬ࣒࡟ࡘ࠸࡚ࡣࠊcereblonࡢୗὶ࡛ാ
ࡃ㑇ఏᏊࡢ᥈⣴ࡀᚲせ࡜⪃࠼ࡽࢀࡿࠋ 
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➨ 2❶ ⬇࣭⫾ඣⓎ⏕ẘᛶヨ㦂࡟࠾ࡅࡿ Kbl:JW࢘ࢧࢠࡢホ౯ 
 
2-1 ⫼ᬒࢹ࣮ࢱ(⏕Ṫࣃ࣓࣮ࣛࢱ࣮࠾ࡼࡧ⮬↛Ⓨ⏕ࡢᙧែᏛⓗኚ໬)࡞ࡽࡧ࡟ࢧࣜࢻ࣐࢖ࢻㄏⓎ 
⫾ඣወᙧࡢゎᯒ 
 
་⸆ရೃ⿵໬ྜ≀ࡢ⬇ࡸ⫾ඣࡢⓎ⏕࡟ᑐࡍࡿẘᛶホ౯࡟࠾ࡅࡿ Kbl:JW ࢘ࢧࢠࡢ᭷⏝ᛶࢆ᳨ウ
ࡍࡿࡓࡵ࡟ࠊ㛗ᮇ㛫⵳✚ࡋࡓ⬇࣭⫾ඣⓎ⏕ẘᛶヨ㦂ࡢᑐ↷⩌ࡢࢹ࣮ࢱࢆ୍ᐃᮇ㛫ࡈ࡜࡟ศ๭ࡋࠊ
⏕Ṫࣃ࣓࣮ࣛࢱ࣮ࡸ⮬↛Ⓨ⏕ࡢወᙧ࠾ࡼࡧኚ␗ࡢኚືࢆゎᯒࡋࡓࠋࡲࡓࠊ㐣ཤ࡟ 3 ᅇᐇ᪋ࡋࡓࢧ
ࣜࢻ࣐࢖ࢻ࡟ࡼࡿ⬇࣭⫾ඣⓎ⏕ẘᛶヨ㦂࡛⫾ඣ࡟ㄏⓎࡉࢀࡓወᙧࡢ✀㢮ࡸⓎ⏕㢖ᗘࢆヨ㦂㛫࡛ẚ
㍑ࡋࡓࠋ 
 
2-1-1 ⥴ゝ 
 
ᐇ㦂ື≀ࡢᵝࠎ࡞⏕⌮Ꮫⓗ࣭ᙧែᏛⓗࣃ࣓࣮ࣛࢱ࣮ࡣࠊẘᛶヨ㦂࡟࠾࠸࡚ᑐ↷⩌(㠀ᢞ⸆⩌)࡛
࠶ࡗ࡚ࡶኚືࡍࡿࡓࡵࠊ⮬↛Ⓨ⏕ࡢኚ໬࡜ᢞ⸆࡟ࡼࡿኚ໬ࢆ༊ูࡍࡿࡓࡵ࡟ᐇ㦂᪋タ࡟࠾࠸࡚⵳
✚ࡉࢀࡓᑐ↷⩌ࡢࢹ࣮ࢱ(⫼ᬒࢹ࣮ࢱ)ࢆཧ↷ࡋ࡚ᐇ㦂⤖ᯝࢆホ౯ࡍࡿࡇ࡜ࡀ᫬࡟ᚲせ࡜࡞ࡿࠋ⬇࣭
⫾ඣⓎ⏕ẘᛶヨ㦂࡛ࡳࡽࢀࡿወᙧࡢⓎ⏕㢖ᗘࡣ୍ࠊ ⯡ⓗ࡟ᢞ⸆⩌(་⸆ရೃ⿵໬ྜ≀ࢆᢞ୚ࡋࡓ⩌)
࡛㢧ⴭ࡟ቑຍࡍࡿࡇ࡜ࡣ࠶ࡲࡾ࡞ࡃࠊ⫼ᬒࢹ࣮ࢱ࡟グ㘓ࡉࢀࡓ⮬↛Ⓨ⏕ࡢወᙧ࡜ࡢẚ㍑ࡣࠊ໬ྜ
≀ࡢദወᙧᛶస⏝ࡢุ᩿ࢆᕥྑࡍࡿࠋᚑࡗ࡚ࠊ࢘ࢧࢠࡢ⣔⤫ࢆ㑅ᢥࡍࡿሙྜࠊወᙧࡸኚ␗ࡢ✀㢮
࠾ࡼࡧ⮬↛Ⓨ⏕ࡢ㢖ᗘ࡟㛵ࡍࡿ⫼ᬒࢹ࣮ࢱࡀ࡛ࡁࡿࡔࡅከ࠸ࡇ࡜࡟ຍ࠼ࠊ⫼ᬒࢹ࣮ࢱࡢኚືࡀᑡ
࡞ࡃࠊദወᙧᛶ≀㉁࡟ᑐࡍࡿ⫾ඣࡢ཯ᛂࡀᏳᐃࡋ࡚෌⌧ࡉࢀࡿࡇ࡜ࡀ㔜せ࡜⪃࠼ࡽࢀࡿࠋᐇ㦂ື
≀ࡢ⏕⏘⪅ࡣື≀ࡢ㑇ఏⓗ࡞Ᏻᐃᛶࢆ⥔ᣢࡍࡿ࡭ࡃດຊࡋ࡚࠸ࡿࡀࠊ⫼ᬒࢹ࣮ࢱࡸദወᙧᛶ≀㉁
࡟ᑐࡍࡿឤཷᛶࡣࠊᚎࠎ࡟ኚືࡋ࡚࠸ࡿྍ⬟ᛶࡀ࠶ࡿࠋࡑࡢࡓࡵᑐ↷ື≀ࡢ⏕Ṫࣃ࣓࣮ࣛࢱ࣮ࡢ
ኚ໬ࡸ⫾ඣࡢദወᙧᛶ≀㉁࡬ࡢឤཷᛶࢆศᯒࡍࡿࡇ࡜ࡣࠊ⬇࣭⫾ඣⓎ⏕ẘᛶヨ㦂࡛౑⏝ࡉࢀࡿື
≀✀ࡢ᭷⏝ᛶࡢ᳨ド࡟ᚲせ࡛࠶ࡿࠋ 
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Kbl:JW࢘ࢧࢠࡣࠊ໭ᒣࣛ࣋ࢫᰴᘧ఍♫࡛⏕⏘ࡉࢀ࡚࠾ࡾࠊ᪥ᮏ࡛ࡣ⬇࣭⫾ඣⓎ⏕ẘᛶヨ㦂ࡢࡓ
ࡵࡢᐇ㦂ື≀࡜ࡋ࡚ࡼࡃ౑⏝ࡉࢀ࡚࠸ࡿࠋKbl:JW࢘ࢧࢠ⣔⤫ࡢ༢୍᪋タ࡛ࡢ⫼ᬒࢹ࣮ࢱࡣࠊ⏕⏘
⪅࡜ᡃࠎࡢ᪋タ࠿ࡽࡑࢀࡒࢀ୍ᗘ(Hirasawa࠾ࡼࡧ Takeiri 1981ᖺࠊKurishitaࡽ 1987ᖺ)ሗ࿌ࡉࢀ
࡚࠸ࡿࡀࠊJW࢘ࢧࢠࡢ⫼ᬒࢹ࣮ࢱࡢ㛗ᮇⓗ࡞ኚືࢆศᯒࡋࡓሗ࿌ࡣ࡞࠿ࡗࡓࠋࡉࡽ࡟ࠊࢧࣜࢻ࣐
࢖ࢻᢞ୚࡟ࡼࡗ࡚ JW࢘ࢧࢠ⫾ඣ࡟ㄏⓎࡉࢀࡓ␗ᖖࡸኚ␗ࡢ✀㢮ཬࡧⓎ⏕㢖ᗘ࡟ࡘ࠸࡚ࡣࠊ2ࡘࡢ
␗࡞ࡿࢢ࣮ࣝࣉ࡟ࡼࡿሗ࿌ࡀ࠶ࡿࡀ(Ikedaࡽ 1965ᖺࠊ⏕⏘⪅୙᫂ࠊMatsubaraࡽ 1983ᖺࠊ⏕⏘⪅㸸
ࢭࣈࣥ⏘ᴗᰴᘧ఍♫࠾ࡼࡧ᪥⏕◊ᰴᘧ఍♫)ࠊ㏆ᖺࡢሗ࿌ࡣ࡞ࡃࠊྠ୍᪋タ࡟࠾ࡅࡿࢧࣜࢻ࣐࢖ࢻ
ㄏⓎወᙧࡢ㛗ᮇⓗ࡞෌⌧ᛶࡣศᯒࡉࢀ࡚࠸࡞࠿ࡗࡓࠋ 
ᚑࡗ࡚ᡃࠊ ࠎࡢ◊✲ᡤ࡛ 20ᖺ௨ୖ(1990-2010ᖺ)࡟ࢃࡓࡗ࡚⵳✚ࡉࢀࡓ Kbl:JW࢘ࢧࢠࢆ⏝࠸࡚
ᐇ᪋ࡉࢀࡓ⬇࣭⫾ඣⓎ⏕ẘᛶヨ㦂ࡢ⫼ᬒࢹ࣮ࢱࢆ 5ࡲࡓࡣ 6ᖺẖ࡟ศ๭ࡋ࡚㐳ཬⓗ࡟ゎᯒࡋࠊྛ
ᮇ㛫ࡢὶ⏘ື≀ᩘࠊ㯤యᩘࡸ╔ᗋᩘ࡞࡝ࡢ⏕Ṫࣃ࣓࣮ࣛࢱ࣮࡞ࡽࡧ࡟እ⾲ࠊෆ⮚࠾ࡼࡧ㦵᱁␗ᖖ
ࡸኚ␗࡞࡝ࡢᙧែᏛⓗኚ໬ࡢ⮬↛Ⓨ⏕ࡢ㢖ᗘࢆẚ㍑ࡋࡓࠋࡲࡓࠊ1988ᖺࠊ1995ᖺ࠾ࡼࡧ 2007ᖺ
࡟ᐇ᪋ࡋࡓࢧࣜࢻ࣐࢖ࢻ࡟ࡼࡿ⬇࣭⫾ඣⓎ⏕ẘᛶヨ㦂࡟ࡘ࠸࡚ࠊ⫾ඣ࡟ㄏⓎࡉࢀࡓወᙧࡢ✀㢮ࡸ
Ⓨ⏕㢖ᗘࢆヨ㦂㛫࡛ẚ㍑ࡋࡓࠋ 
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2-1-2 ᐇ㦂᪉ἲ 
 
⫼ᬒࢹ࣮ࢱ 
ヨ㦂ᩘ࠾ࡼࡧヨ㦂ሙᡤ 
1990-2010ᖺ࡟ᐇ᪋ࡋࡓྜィ 98ࡢ⬇࣭⫾ඣⓎ⏕ẘᛶヨ㦂ࡢᑐ↷⩌ࢆゎᯒࡋࡓࠋ2006ᖺ௨๓ࡢ 78
ヨ㦂ࡣᒣཱྀ┴ගᕷࡢ◊✲ᡤ࡛ࠊ1998ᖺࡢ 1ヨ㦂࠾ࡼࡧ 2006-2010ᖺࡢ 19ヨ㦂ࡣࠊ኱㜰ᕷࡢ◊✲ᡤ
࡛ᐇ᪋ࡋࡓࠋ◊✲ᡤ࡛ࡣࠊ2000ᖺ௨㝆ࠊInternational Federation of Teratology Societies (IFTS)ጤဨ఍
ࡀసᡂࡋࡓ⏝ㄒ㞟 Version 1 (Horimotoࡽ 1998ᖺ)࡟ᇶ࡙࠸ࡓᑓ㛛⏝ㄒࢆ౑⏝ࡋ࡚࠸ࡓࡇ࡜࠿ࡽࠊ⫼
ᬒࢹ࣮ࢱࡣ 2000ᖺࢆ㉳Ⅼ࡟ 5ࡲࡓࡣ 6ᖺẖ࡟ 4ᮇ㛫(Ϩᮇ㸸1990-1994ᖺࠊϩᮇ㸸1995-1999ᖺࠊ
Ϫᮇ㸸2000-2004ᖺ࠾ࡼࡧϫᮇ㸸2005-2010ᖺ)࡟ศ๭ࡋࡓࠋ 
 
ື≀࠾ࡼࡧ㣫⫱᮲௳ 
Kbl:JW ࢘ࢧࢠࡣ໭ᒣࣛ࣋ࢫᰴᘧ఍♫࠿ࡽ㉎ධࡋࡓࠋ࡯࡜ࢇ࡝ࡢ㞤ࡣࠊ◊✲ᡤ࡬ࡢ฿╔᫬࡟ 14
㐌㱋࡛࠶ࡗࡓࠋእほ࠾ࡼࡧ೺ᗣ≧ែ࡟␗ᖖࡀࡳࡽࢀ࡞࠸ື≀ࢆ౑⏝ࡋࡓࠋᮍ⤒⏘㞤ࢆ㞝࡜ 1 ᑐ 1
࡛༗๓୰࡟஺㓄ࡉࡏࡓࠋ஺ᑿ☜ㄆ᪥ࢆዷፎ 0 ᪥࡜ᐃ⩏ࡋࡓࠋ஺ᑿࢆ☜ㄆࡋࡓ 15-21 㐌㱋ࡢ㞤ື≀
ࡢዷፎ 6᪥࡟ᢞ୚ࢆ㛤ጞࡋࡓࠋ 
ື≀ࡣྞࡾୗࡆᆺࡢ㔠ᒓ〇⥙ᗏࢣ࣮ࢪࢆ⏝࠸࡚ື≀ᐊ࡛ಶู㣫⫱ࡋࡓࠋᐊ ࡣ 20-27Υࠊ┦ᑐ‵
ᗘࡣ 40-80㸣ࠊ᥮Ẽᅇᩘࡣ 1᫬㛫ᙜࡓࡾ 8-25ᅇࠊ↷᫂࿘ᮇ(12᫬㛫)ࡣ 7:00-19:00(᫂ᮇ)࡟タᐃࡋࡓࠋ
ື≀࡟ࡣỈ㐨Ỉ࠾ࡼࡧᐇ㦂ື≀⏝㣫ᩱ(1993ᖺࡲ࡛ࡣ RC4ࠊ1994ᖺ௨㝆ࡣ LRC4ࠊ࠸ࡎࢀࡶ࢚࢜ࣜ
ࣥࢱࣝ㓝ẕᰴᘧ఍♫〇㐀ࠊ࣐࢞ࣥ⥺⁛⳦῭)ࢆ⮬⏤࡟ᦤྲྀࡉࡏࡓࠋ 
 
ᢞ୚᪉ἲ 
࡯࡜ࢇ࡝ࡢヨ㦂࡛ࡣࠊ⿕㦂≀㉁ࢆᠱ⃮ࡲࡓࡣ⁐ゎࡍࡿ⁐፹࡜ࡋ࡚౑⏝ࡋࡓ 5%࢔ࣛࣅ࢔ࢦ࣒⁐ᾮࠊ
0.5%࣓ࢳࣝࢭ࣮ࣝࣟࢫ⁐ᾮࡲࡓࡣ⏕⌮㣗ሷᾮࢆᢞ୚ࡋࡓࠋᢞ୚⤒㊰ẖࡢヨ㦂ᩘࡣࠊ⤒ཱྀࡀ 73ヨ㦂ࠊ
⓶ୗࡀ 15ヨ㦂ࠊ㟼⬦ෆᢞ୚ࡀ 8ヨ㦂࡛࠶ࡗࡓࠋ2ヨ㦂࡛ࡣࠊᢞ୚ࢆᐇ᪋ࡋ࡞࠿ࡗࡓࠋᢞ୚ࡣࠊ୺
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࡟ዷፎ 6-18᪥ࡢ༗๓୰࡟ 1᪥ 1ᅇᐇ᪋ࡋࡓࠋẕື≀ẖࡢᢞ୚ᾮ㔞ࡣࠊ࡯࡜ࢇ࡝ࡢヨ㦂࡛ዷፎ 6᪥
ࡢయ㔜࡟ᇶ࡙࠸࡚⟬ฟࡋࡓࠋ 
 
ẕື≀ࡢほᐹࠊ๗᳨࠾ࡼࡧ⫾ඣࡢホ౯ 
ࡍ࡭࡚ࡢື≀ࡣࠊዷፎ 0-28᪥ࡢ㛫ࠊ⏕Ṛ࡜እほࡸ⾜ື࡞࡝ࡢ≧ែ࡟ࡘ࠸࡚ᢞ୚᪥ࡣ 1᪥ 2ᅇ(ᢞ
୚๓࠾ࡼࡧᢞ୚ 0.5-2 ᫬㛫ᚋ)ࠊ㠀ᢞ୚᪥ࡣ 1 ᪥ 1 ᅇࠊほᐹࡋࠊయ㔜ࢆᐃᮇⓗ࡟ ᐃࡋࡓࠋዷፎ 0
᪥ࡢయ㔜 ᐃࡣ⩌ศࡅࠊዷፎ 6᪥ࡣᢞ୚ᾮ㔞ࡢ⟬ฟࡢࡓࡵ࡟ ᐃࡋࡓࠋዷፎ 28᪥࡟࣌ࣥࢺࣂࣝࣅ
ࢱ࣮ࣝࢼࢺ࣒ࣜ࢘⁐ᾮ࠶ࡿ࠸ࡣࢳ࢜࣌ࣥࢱ࣮ࣝࢼࢺ࣒ࣜ࢘⁐ᾮ࡟ࡼࡿ㐣㯞㓉࡛ᏳᴦṚࡉࡏࡓᚋࠊ
࠶ࡿ࠸ࡣ㯞㓉ୗ࡛㛤⭡ࡋᨺ⾑Ṛࡉࡏࡓᚋࠊ๗᳨ࢆ⾜࠸ࠊ㯤యᩘࠊ╔ᗋᩘࠊṚஸ⬇㸭⫾ඣᩘ(྾཰⬇ࠊ
⫾┙㑇ṧ࠾ࡼࡧṚஸ⫾ඣ)࡞ࡽࡧ࡟⏕Ꮡඣᩘࢆィᩘࡋࡓࠋ⏕Ꮡඣࡣᛶูࢆㄪ࡭ࠊయ㔜ࢆ ᐃࡋࠊእ
⾲␗ᖖ࡞ࡽࡧ࡟ෆ⮚␗ᖖ࠾ࡼࡧኚ␗ࢆほᐹࡋࡓࠋḟ࡟ෆ⮚ࢆ᦬ฟࡋࠊ10 vol%࣐࣍ࣝࣜࣥ࠶ࡿ࠸ࡣ
10 vol%୰ᛶ⦆⾪࣐࣍ࣝࣜࣥᾮ࡛ᅛᐃᚋࠊᚰ⮚࠾ࡼࡧ⭈⮚ࡢ␗ᖖ࠾ࡼࡧኚ␗ࢆほᐹࡋࡓࠋෆ⮚ࢆ᦬
ฟࡋࡓ⫾ඣࡣࠊ95 vol%࢚ࢱࣀ࣮࡛ࣝᅛᐃࡋࠊDawsonࡢኚἲ(Dawson 1926ᖺ)࡟ࡼࡿ࢔ࣜࢨࣜࣥࣞ
ࢵࢻ S ᰁⰍᶆᮏࢆస〇ࡋࡓࠋᰁⰍᶆᮏࡢ㦵᱁␗ᖖ࠾ࡼࡧኚ␗ࢆㄪ࡭ࠊ㦵໬ࡢ⛬ᗘࢆホ౯ࡍࡿࡓࡵ
㦵໬௝ᑿ᳝ᩘࢆィᩘࡋࡓࠋ 
 
ࢧࣜࢻ࣐࢖ࢻᢞ୚ヨ㦂 
ࢧࣜࢻ࣐࢖ࢻࢆ⏝࠸ࡓ⬇࣭⫾ඣⓎ⏕ẘᛶヨ㦂ࡣࠊ1988ᖺࠊ1995ᖺ࠾ࡼࡧ 2007ᖺ࡟ᐇ᪋ࡋࡓࠋ
1988ᖺ࠾ࡼࡧ 1995ᖺࡢヨ㦂࡟౑⏝ࡋࡓࢧࣜࢻ࣐࢖ࢻࡣࢢࣜࣗࢿࣥࢱ࣮ࣝ♫࠿ࡽධᡭࡋࠊ2007ᖺ
ࡢヨ㦂ࡢࢧࣜࢻ࣐࢖ࢻࡣ࿴ග⣧⸆ᕤᴗᰴᘧ఍♫࠿ࡽ㉎ධࡋࡓࠋ1988ᖺ࠾ࡼࡧ 1995ᖺࡢヨ㦂࡛ࡣࠊ
ୖグࡋࡓᐇ㦂᪉ἲࡢࠕື≀࠾ࡼࡧ㣫⫱᮲௳ࠖࡢ㡯࡟グ㍕ࡋࡓ᪉ἲ࡜ྠᵝࡢ᪉ἲ࡛㞤ࢆ஺㓄ࡉࡏࠊ
2007 ᖺࡣྠᵝࡢ᪉ἲ࡛஺㓄ࡉࡏࡓ㞤ࢆ໭ᒣࣛ࣋ࢫᰴᘧ఍♫࠿ࡽ㉎ධࡋࡓࠋࢧࣜࢻ࣐࢖ࢻࡣࠊ5 
w/v%࢔ࣛࣅ࢔ࢦ࣒⁐ᾮ࠶ࡿ࠸ࡣ 0.5 w/v%࣓ࢳࣝࢭ࣮ࣝࣟࢫ⁐ᾮ࡟ᠱ⃮ࡋࠊ༗๓୰࡟ᢞ୚ࡋࡓࠋ
1988 ᖺࡢヨ㦂ࡢᢞ୚㔞ࡣࠊJW ࢘ࢧࢠ⫾ඣࡢࢧࣜࢻ࣐࢖ࢻദወᙧᛶ࡟㛵ࡍࡿᐇ㦂࡟࠾࠸࡚ 300 
mg/kg/᪥࡛እ⾲␗ᖖࡢⓎ⏕㢖ᗘࡀ㢌ᡴࡕ࡟࡞ࡗ࡚࠸ࡓ(Ikedaࡽ 1965ᖺ)ࡇ࡜࠿ࡽࡑࡢ⏝㔞ࢆタᐃࡋ
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ࡓࠋ1988 ᖺࡢᐇ㦂࡛ࠊ␗ᖖᅇ㌿ᡭࢆྵࡴከᩘࡢ␗ᖖࡀほᐹࡉࢀࡓࡢ࡛ࠊྠ୍ࡢᢞ୚㔞ࢆ 1995 ᖺ
࠾ࡼࡧ 2007ᖺࡢヨ㦂࡛ࡶᢞ୚ࡋࡓࠋᢞ୚ᾮ㔞ࡣዷፎ 6᪥ࡢయ㔜ࢆඖ࡟⟬ฟࡋࡓࠋᢞ୚ᮇ㛫ࡣࠊ1988
ᖺࡢヨ㦂ࡣዷፎ 6-18᪥ࠊ1995ᖺ࠾ࡼࡧ 2007ᖺࡢヨ㦂ࡣዷፎ 7-15᪥࡛࠶ࡗࡓࠋẕື≀ࡢほᐹࠊ๗
᳨࠾ࡼࡧ⫾ඣࡢホ౯ࡣࠊୖ㏙ࡋࡓ⫼ᬒࢹ࣮ࢱࡢᐇ㦂᪉ἲ࡜ྠࡌ᪉ἲ࡛ᐇ᪋ࡋࡓࠋ 
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2-1-3 ⤖ᯝ࠾ࡼࡧ⪃ᐹ 
 
⫼ᬒࢹ࣮ࢱ 
⫼ᬒࢹ࣮ࢱ࡜ࡋ࡚⿕㦂≀㉁ࢆᢞ୚ࡋࡓ⬇࣭⫾ඣⓎ⏕ẘᛶヨ㦂࡟࠾ࡅࡿᑐ↷⩌࠿ࡽᚓࡽࢀࡓࢹ࣮
ࢱࢆゎᯒࡋࡓࠋᮏ◊✲࡛ᚓࡽࢀࡓ⫼ᬒࢹ࣮ࢱࡢ್ࡢ୰࡛ࠊ࠸ࡃࡘ࠿ࡢ␗ᖖࡸኚ␗࡟ࡘ࠸࡚ࡣⱝᖸ
ࡢኚືࡀぢࡽࢀࡓࠋẚ㍑ⓗ㧗࠸⮬↛Ⓨ⏕㢖ᗘࢆ♧ࡍ␗ᖖࡸኚ␗ࡣࠊKbl:JW⫾ඣ࡟ࡑࢀࡽࡀㄏⓎࡉ
ࢀࡸࡍ࠸ࡇ࡜ࢆ♧ࡋ࡚࠾ࡾࠊẘᛶヨ㦂ࡢホ౯ࢆ⾜࠺㝿࡟⪃៖ࡍࡿᚲせࡀ࠶ࡿ࡜⪃࠼ࡽࢀࡿࠋ࡞࠾ࠊ
␗ᖖ࡜ࡣάື(ࣄࢺ࡟࠾࠸࡚ࡣ⏕ά)࡟ᨭ㞀ࡢ࠶ࡿ㔜⠜࡞ᙧែࡢኚ໬ࠊኚ␗࡜ࡣࡑࢀࡽ࡟ᨭ㞀ࡢ࡞࠸
㍍ᗘ࡞ᙧែࡢኚ໬ࢆព࿡ࡋ࡚࠸ࡿࠋ 
 
ẕື≀ࡢ⏕Ṫࣃ࣓࣮ࣛࢱ࣮࠾ࡼࡧ⫾ඣࡢṚஸ⋡㺃ᛶẚ㺃య㔜 
஦ᨾṚࢆ㝖ࡁࠊ⫼ᬒࢹ࣮ࢱࡢ඲ᮇ㛫࡟࠾ࡅࡿዷፎ㞤 928⩚୰Ṛஸࡀ 1౛࠶ࡗࡓࠋ᪩⏘ࡣ࡞࠿ࡗ
ࡓ (Table 2-1-1)ࠋIᮇ࡛ࡣ 307⩚୰ὶ⏘ࡀ 7౛ࡳࡽࢀࠊࡇࢀࡣ௚ࡢᮇ㛫࡛ࡢὶ⏘ᩘ(IIᮇ㸸234⩚୰
0౛ࠊIIIᮇ㸸224⩚୰ 2౛ࠊIVᮇ㸸163⩚୰ 1౛)ࡼࡾࡶከ࠿ࡗࡓࠋࡋ࠿ࡋ࡞ࡀࡽࠊಶูࡢヨ㦂࡛
ࡣὶ⏘ᩘࡀᑡ࡞࠸(᭱኱ 1౛㸭ヨ㦂ࠊࢹ࣮ࢱᥦ♧ࡏࡎ)ࡇ࡜࠿ࡽࠊ⫼ᬒࢹ࣮ࢱࡢኚື࡜ࡋ࡚㔜せどࡍ
ࡿᚲせࡣ࡞࠸࡜⪃࠼ࡽࢀࡿࠋẕື≀࡟ᑐࡋ࡚ᢞ୚ࢆ㛤ጞࡍࡿዷፎ 6᪥(ཷ⢭༸ࡢ╔ᗋ᫬ᮇ)ࡢయ㔜ࡢ
ᖹᆒ್࠾ࡼࡧዷፎ 6᪥࠿ࡽ๗᳨᪥࡛࠶ࡿዷፎ 28᪥(ศፔࡢ 2ࠊ3᪥๓)ࡲ࡛ࡢẕື≀ࡢయ㔜ቑຍ㔞ࠊ
㯤యᩘ࠾ࡼࡧ╔ᗋᩘࠊ╔ᗋ๓࠾ࡼࡧ╔ᗋᚋṚஸ⋡ࠊṚஸ⬇㺃⫾ඣᩘ(྾཰⬇ࠊ⫾┙㑇ṧ࠾ࡼࡧṚஸ
⫾ඣᩘࢆྵࡴ)ࠊ⏕Ꮡ⫾ඣᩘࠊᛶẚ࡞ࡽࡧ࡟⫾ඣࡢయ㔜ࡣࠊ࠸ࡎࢀࡢᮇ㛫࡛ࡶྠ➼࡛࠶ࡾࠊᏳᐃࡋ
࡚࠸ࡓ(Table 2-1-1࠾ࡼࡧ 2)ࠋ 
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Table 2-1-1 Kbl:JW࢘ࢧࢠẕື≀ࡢ⫼ᬒࢹ࣮ࢱ 
ࢹ࣮ࢱゎᯒᮇ㛫 Iᮇ㸸1990-1994ᖺ IIᮇ㸸1995-1999ᖺ IIIᮇ㸸2000-2004ᖺ IVᮇ㸸2005-2010ᖺ
ᢞ୚㛤ጞ᫬㐌㱋 16-21 17-20 16-18 16-19 
ዷፎື≀ᩘ 307 234 224 163 
Ṛஸື≀ᩘ† 0 0 1§ 0 
ὶ⏘ື≀ᩘ 7 0 2 1 
᪩⏘ື≀ᩘ 0 0 0 0 
య㔜 (ዷፎ 6᪥) (kg)‡ 3.50±0.23 3.50±0.24 3.45±0.18 3.37±0.20 
య㔜ቑຍ㔞 
 (ዷፎ 6-28᪥) (kg)‡ 0.35±0.15 0.31±0.13 0.34±0.11 0.33±0.12 
㯤యᩘ‡ 10.5±2.0 10.3±2.1 10.2±1.9 9.8±2.0 
╔ᗋᩘ‡ 8.9±2.6 8.4±2.8 8.3±2.4 8.5±2.4 
╔ᗋ๓Ṛஸ⋡ (%)‡ 15.2±18.3 18.7±21.4 18.7±20.2 13.3±16.4 
†㸸஦ᨾṚࡣ㝖ࡃࠊ‡㸸ᖹᆒ್±ᶆ‽೫ᕪࠊ§㸸ዷፎ19᪥࡟1౛ࡀṚஸࡋࡓࡀࠊ๗᳨ࡢ⤖ᯝࠊ␗ᖖࡣ࡞ࡃࠊṚᅉࡣ୙࡛᫂࠶ࡗࡓࠋ 
 
 
Table 2-1-2 Kbl:JW࢘ࢧࢠ⫾ඣࡢ⫼ᬒࢹ࣮ࢱ㸸Ṛஸ⋡࣭ᛶẚ࣭య㔜 
ࢹ࣮ࢱゎᯒᮇ㛫 Iᮇ㸸1990-1994ᖺ IIᮇ㸸1995-1999ᖺ IIIᮇ㸸2000-2004ᖺ IVᮇ㸸2005-2010ᖺ
ዷፎື≀ᩘ† 300 234 221 162 
⫾ඣᩘ 2514 1790 1689 1277 
╔ᗋᚋṚஸ⋡ (%)‡ 6.0±9.9 9.5±15.8 8.3±13.5 8.8±15.5 
Ṛஸ⬇㺃⫾ඣᩘ     
྾཰⬇ᩘ‡ 0.0±0.2 0.0±0.4 0.0±0.1 0.0±0.2 
⫾┙㑇ṧᩘ‡ 0.2±0.5 0.4±0.8 0.4±0.8 0.4±0.7 
Ṛஸ⫾ඣᩘ‡ 0.3±0.7 0.3±0.7 0.2±0.5 0.2±0.6 
⏕Ꮡ⫾ඣᩘ‡ 8.4±2.5 7.6±2.8 7.6±2.4 7.9±2.4 
ᛶẚ (%)‡ 49.0±18.1 49.5±20.6 52.5±19.8 51.3±19.0 
య㔜 (g)‡ 㞝 38.5±4.8 38.6±5.1 38.2±4.3 38.0±4.0 㞤 37.4±4.8 37.5±5.0 37.1±4.4 36.9±4.2 
ᛶẚ㸸[㞝ື≀ᩘ/(㞝ື≀ᩘ+㞤ື≀ᩘ)]×100ࠊ†㸸Ṛஸ࠶ࡿ࠸ࡣὶ⏘ື≀ࡣ㝖ࡃࠊ‡㸸ᖹᆒ್±ᶆ‽೫ᕪ 
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⫾ඣእ⾲␗ᖖ 
II ᮇࠊIII ᮇ࠾ࡼࡧ IV ᮇࡢ 3 ᮇ㛫࡛ࡢእ⾲␗ᖖࡢ⥲Ⓨ⏕㢖ᗘ࡟ᕪࡣㄆࡵࡽࢀࡎࠊࡇࢀࡽࡢᮇ㛫
࡛ࡣ≉ᐃࡢ␗ᖖࡢቑຍࡶࡳࡽࢀ࡞࠿ࡗࡓ(Table 2-1-3)ࠋࡋ࠿ࡋ࡞ࡀࡽࠊIᮇࡢ⥲Ⓨ⏕㢖ᗘࡣࠊ௚ࡢ 3
ᮇ㛫ࡢ㢖ᗘࡼࡾࡶ㧗ࡃࠊᑠୖ㢡ࠊᑠୗ㢡ࠊ↓ᑿ࠾ࡼࡧ㌣ᖿ▷⦰ࡢⓎ⏕㢖ᗘࡀ㧗್ࢆ♧ࡋࡓ(Table 
2-1-3)ࠋࡇࢀࡽࡢ␗ᖖᡤぢࡢ࡯࡜ࢇ࡝ࡣࠊIᮇࡢ 26ヨ㦂୰ 5ヨ㦂࡛ほᐹࡉࢀࡓࡀࠊࡑࢀࡒࢀࡢヨ㦂
࡛ࡢⓎ⏕⫾ඣᩘࡣ 1ࡲࡓࡣ 2౛࡜ప㢖ᗘ࡛࠶ࡗࡓࡇ࡜࠿ࡽ(ࢹ࣮ࢱᥦ♧ࡏࡎ)ࠊᐇ㉁ⓗ࡞ẘᛶホ౯࡬
ࡢᙳ㡪ࡣ࡯ࡰ࡞࠸࡜⪃࠼ࡽࢀࡿࠋ 
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Table 2-1-3 Kbl:JW࢘ࢧࢠ⫾ඣࡢ⫼ᬒࢹ࣮ࢱ㸸እ⾲␗ᖖ 
ࢹ࣮ࢱゎᯒᮇ㛫 Iᮇ㸸1990-1994ᖺ IIᮇ㸸1995-1999ᖺ IIIᮇ㸸2000-2004ᖺ IVᮇ㸸2005-2010ᖺ
ዷፎື≀ᩘ 300 231 219 159 
⫾ඣᩘ 2514 1790 1689 1277 
 እ⾲␗ᖖ % (n) 0.76 (19) 0.56 (10) 0.47 (8) 0.39 (5) 
 ↓⬻ % (n) 0.04 (1) 0.11 (2)  0.08 (1) 
 㧊⭷⒗ % (n)   0.06 (1) 
 㧊⭷⬻⒗ % (n) 0.08 (2)   
 㢦㠃ᙧែ␗ᖖ % (n)    0.08 (1) 
 ║㒊㝯㉳ᡥᖹ % (n) 0.08 (2) 0.11 (2)  
 ║▛㛤⿣ % (n) 0.08 (2)   
 ᑠ⪥ % (n) 0.04 (1)  0.06 (1) 
 ᑠୖ㢡 % (n) 0.44 (11)  0.12 (2) 0.08 (1) 
 ᑠୗ㢡 % (n) 0.40 (10)  0.12 (2) 0.08 (1) 
 ཱྀ⵹ᆶ⿣ % (n)    0.08 (1) 
 ཱྀ⵹ࣄࢲ␗ᖖ % (n) 0.08 (2)   0.08 (1) 
 ⿣⯉ % (n) 0.08 (2)   
 ⬨㧊⿣ % (n) 0.16 (4)   
 ஧ศ⬨᳝ % (n) 0.04 (1)  0.12 (2) 
 ⬚⭡ቨ◚⿣ % (n)    0.08 (1) 
 ⭡ቨ◚⿣ % (n) 0.08 (2) 0.11 (2)  
 ⮖ᖏ࣊ࣝࢽ࢔ % (n) 0.04 (1)  0.06 (1) 0.16 (2) 
 ⮖࣊ࣝࢽ࢔ % (n)   0.06 (1) 
 ⮖ᖏ఩⨨␗ᖖ % (n)   0.06 (1) 
 ↓⫥ % (n)    0.08 (1) 
 ᑠ⫥(๓⫥) % (n) 0.12 (3)   
 ᑠ⫥(ᚋ⫥) % (n) 0.12 (3)   0.08 (1) 
 พ㊊(๓⫥) % (n) 0.04 (1) 0.11 (2)  
 ␗ᖖᅇ㌿ᡭ(๓⫥) % (n)    0.08 (1) 
 ␗ᖖᅇ㌿ᡭ(ᚋ⫥) % (n) 0.04 (1)   
 ▷ᣦ(๓⫥) % (n) 0.04 (1)   
 ▷ᣦ(ᚋ⫥) % (n) 0.08 (2)   
 Ḟᣦ(๓⫥) % (n)  0.06 (1)  0.16 (2) 
 Ḟᣦ(ᚋ⫥) % (n)    0.08 (1) 
 ከᣦ(๓⫥) % (n) 0.04 (1)   
 ௜╔ᣦ(ᚋ⫥) % (n) 0.04 (1)   
 ∎Ḟᦆ(ᚋ⫥) % (n)    0.08 (1) 
 㙐⫠ % (n) 0.08 (2)   
 ⫠㛛⊃✽ % (n) 0.12 (3)  0.12 (2) 
 ▷ᑿ % (n) 0.12 (3)  0.06 (1) 0.08 (1) 
 ↓ᑿ % (n) 0.28 (7) 0.11 (2) 0.12 (2) 
 ▷㌣ % (n) 0.28 (7) 0.11 (2) 0.12 (2) 
 ⓶ୗฟ⾑ % (n) 0.08 (2) 0.11 (2) 0.18 (3) 
㸸␗ᖖ↓ࡋࠊ(n)㸸␗ᖖⓎ⏕⫾ඣᩘ 
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⫾ඣෆ⮚␗ᖖ 
Iᮇ࠾ࡼࡧ IIIᮇࡢෆ⮚␗ᖖࡢ⥲Ⓨ⏕㢖ᗘࡣࠊIIᮇ࠾ࡼࡧ IVᮇࡢ㢖ᗘࡼࡾࡶ㧗࠿ࡗࡓࡀࠊ␗ᖖࡢ
✀㢮ẖ࡟ࡳࡿ࡜ࠊ࡯࡜ࢇ࡝ࡢ␗ᖖ࡛ࡣⓎ⏕⫾ඣᩘࡀ࠸ࡎࢀࡢᮇ㛫࡛ࡶ 3౛௨ୗ࡜ᑡ࡞࠿ࡗࡓ(Table 
2-1-4)ࠋࡲࡓࠊI ᮇࡢ⫢⮚ศⴥ␗ᖖࡢⓎ⏕㢖ᗘ࠾ࡼࡧ III ᮇࡢ⭷ᛶ㒊ᚰᐊ୰㝸ḞᦆࡢⓎ⏕㢖ᗘࡣࠊ
௚ࡢᮇ㛫࡟ẚ࡭࡚㧗࠿ࡗࡓࡀࠊಶูࡢヨ㦂࡛ࡳࡿ࡜ࠊࡇࢀࡽࡢᡤぢࡣࠊ᭱኱࡛ 2 ౛㸭ヨ㦂࡛࠶ࡗ
ࡓ(ࢹ࣮ࢱᥦ♧ࡏࡎ)ࠋᚑࡗ࡚ࠊෆ⮚␗ᖖࡢ⥲Ⓨ⏕㢖ᗘࡸ⫢⮚ศⴥ␗ᖖ࠾ࡼࡧ⭷ᛶ㒊ᚰᐊ୰㝸Ḟᦆࡢ
Ⓨ⏕㢖ᗘࡢቑῶࡣࠊᮇ㛫୰࠶ࡿ࠸ࡣヨ㦂ẖࡢⓎ⏕౛ᩘࡀᑡ࡞࠸ࡇ࡜࠿ࡽࠊẘᛶࡢホ౯࡟ᙳ㡪ࡍࡿ
ࡼ࠺࡞ࣞ࣋ࣝࡢኚື࡛ࡣ࡞࠸࡜⪃࠼ࡽࢀࡿࠋ 
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Table 2-1-4 Kbl:JW࢘ࢧࢠ⫾ඣࡢ⫼ᬒࢹ࣮ࢱ㸸ෆ⮚␗ᖖ 
ࢹ࣮ࢱゎᯒᮇ㛫 Iᮇ㸸1990-1994ᖺ IIᮇ㸸1995-1999ᖺ IIIᮇ㸸2000-2004ᖺ IVᮇ㸸2005-2010ᖺ
ዷፎື≀ᩘ 229 174 219 159 
⫾ඣᩘ 1933 1351 1689 1277 
 ෆ⮚␗ᖖ % (n) 1.40 (27) 0.89 (12) 1.36 (23) 0.63 (8) 
 Ỉ㢌⑕ % (n)  0.07 (1) 0.12 (2)  
 Ỉᬗయᙧែ␗ᖖ % (n)   0.06 (1)  
 ஧ᚰᡣ༢ᚰᐊ % (n) 0.10 (2) 0.07 (1)   
 ኱⾑⟶㌿᥮ % (n)  0.07 (1)   
 ኱⾑⟶఩⨨␗ᖖ % (n) 0.05 (1)    
 ኱ື⬦⊃✽ % (n) 0.10 (2)  0.06 (1) 0.08 (1) 
 㥽஌኱ື⬦ % (n)   0.06 (1) 0.08 (1) 
 ඹ㏻ᡣᐊཱྀ㑇ṧ % (n)    0.08 (1) 
 ື⬦ᖿ㑇ṧ % (n)    0.08 (1) 
 ⥲㢕ື⬦Ḟᦆ % (n) 0.10 (2)    
 ⥲㢕ື⬦㉳ጞ␗ᖖ % (n)   0.06 (1)  
 ⥲㢕ື⬦⊃✽ % (n) 0.05 (1) 0.15 (2) 0.12 (2)  
 㣗㐨⫼᪉㙐㦵ୗື⬦ % (n) 0.16 (3)  0.06 (1)  
 ⫵ື⬦ᖿ⊃✽ % (n) 0.10 (2) 0.15 (2) 0.24 (4)  
 ⫵ື⬦ᖿపᙧᡂ % (n)  0.07 (1)   
 ᚰᐊ୰㝸➽ᛶ㒊Ḟᦆ % (n)    0.08 (1) 
 ᚰᐊ୰㝸⭷ᛶ㒊Ḟᦆ % (n)  0.07 (1) 0.36 (6) 0.16 (2) 
 ⬚㒊ᾮయ㈓␃ % (n)  0.15 (2)   
 ⫵ᑠᆺ໬ % (n) 0.16 (3) 0.15 (2)  0.16 (2) 
 ⫵୰㛫ⴥḞᦆ % (n) 0.05 (1)    
 ⬚⭢ᑠᆺ໬ % (n)    0.08 (1) 
 ᶓ㝸⭷࣊ࣝࢽ࢔ % (n) 0.05 (1) 0.07 (1) 0.06 (1) 0.08 (1) 
 ⫢⮚ᄞ⬊ % (n)   0.06 (1)  
 ⫢⮚⑓ᕢ % (n)  0.07 (1) 0.12 (2)  
 ⫢⮚ศⴥ␗ᖖ % (n) 0.26 (5)    
 ⫢⮚ᙧែ␗ᖖ % (n) 0.05 (1)  0.06 (1) 0.08 (1) 
 ⫢⮚࡜⭈⮚ࡢ⒵╔ % (n)  0.07 (1)   
 ⫹ᄞḞᦆ % (n) 0.05 (1)    
 ⫹ᄞ஧ศ % (n) 0.16 (3)  0.06 (1)  
 ⫹ᄞ᠁ᐊ % (n)  0.07 (1) 0.06 (1)  
 ⫹ᄞᣑᙇ % (n) 0.10 (2)   0.08 (1) 
 ⫹ᄞᑠᆺ໬ % (n) 0.05 (1)  0.06 (1)  
 ⥲⫹⟶⊃✽ % (n) 0.05 (1)    
 ⫶ኚᙧ % (n) 0.05 (1)    
 ↓⭁ % (n) 0.05 (1)    
 ⭁⮚ᑠᆺ໬ % (n) 0.10 (2)    
 ⭁⮚ᙧែ␗ᖖ % (n) 0.10 (2)    
 ⭈⮚఩⨨␗ᖖ % (n)  0.15 (2)   
 ༸ᕢᑠᆺ໬ % (n)   0.18 (3)  
 ⢭ᕢᑠᆺ໬ % (n)   0.06 (1) 0.08 (1) 
 ෆ⮚㏫఩ % (n) 0.05 (1)    
㸸␗ᖖ↓ࡋࠊ(n)㸸␗ᖖⓎ⏕⫾ඣᩘ 
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⫾ඣෆ⮚ኚ␗ 
IIᮇ࠾ࡼࡧ IVᮇࡢෆ⮚ኚ␗ࡢ⥲Ⓨ⏕㢖ᗘࡣࠊIᮇ࠾ࡼࡧ IIIᮇࡢ㢖ᗘࡼࡾࡶ㧗࠿ࡗࡓ (Table 2-1-5)ࠋ
ࡋ࠿ࡋ࡞ࡀࡽ࡯࡜ࢇ࡝ࡢኚ␗ࡢ✀㢮ẖࡢⓎ⏕⫾ඣᩘࡣ࠸ࡎࢀࡢᮇ㛫࡛ࡶ 3౛௨ୗ࡜ᑡ࡞ࡃࠊࡲࡓࠊ
IVᮇࡢ⬇ⴥ㛫⿣పᙧᡂࡣࠊヨ㦂ẖ࡟ࡳࡿ࡜᭱኱࡛ 2౛㸭ヨ㦂࡛࠶ࡗࡓ(ࢹ࣮ࢱᥦ♧ࡏࡎ)ࡇ࡜࠿ࡽࠊ
ẘᛶホ౯࡟ࡣᙳ㡪ࡋ࡞࠸⛬ᗘࡢኚ໬࡜⪃࠼ࡽࢀࡿࠋ 
 
Table 2-1-5 Kbl:JW࢘ࢧࢠ⫾ඣࡢ⫼ᬒࢹ࣮ࢱ㸸ෆ⮚ኚ␗ 
ࢹ࣮ࢱゎᯒᮇ㛫 Iᮇ㸸1990-1994ᖺ IIᮇ㸸1995-1999ᖺ IIIᮇ㸸2000-2004ᖺ IVᮇ㸸2005-2010ᖺ
ዷፎື≀ᩘ 229 174 219 159 
⫾ඣᩘ 1933 1351 1689 1277 
 ෆ⮚ኚ␗ % (n) 0.10 (2) 0.30 (4) 0.18 (3) 0.31 (4) 
⫵ⴥ㛫⿣పᙧᡂ % (n) 0.10 (2) 0.07 (1) 0.12 (2) 0.31 (4) 
⫵୰㛫ⴥᑠᆺ໬ % (n) 0.05 (1)   0.08 (1) 
⫢ⴥ㛫⿣㐣ᙧᡂ % (n)  0.22 (3)  
⭈│ᣑᙇ % (n)  0.07 (1) 0.06 (1) 
ᒀ⟶ᣑᙇ % (n)   0.06 (1) 
㸸ኚ␗↓ࡋࠊ(n)㸸ኚ␗Ⓨ⏕⫾ඣᩘ 
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⫾ඣ㦵᱁␗ᖖ 
Iᮇ࠿ࡽ IVᮇࡲ࡛ࡢ㦵᱁␗ᖖࡢ⥲Ⓨ⏕㢖ᗘ࡟ࡣࠊⱝᖸࡢቑῶࡀࡳࡽࢀࡓࡀࠊከࡃࡢ㦵᱁␗ᖖࡢ
✀㢮ẖࡢ⫾ඣᩘࡣࠊ࠸ࡎࢀࡢᮇ㛫࡛ࡶ 3౛௨ୗ࡛࠶ࡗࡓ (Table 2-1-6)ࠋIIIᮇ࠾ࡼࡧ IVᮇࡣ㢌㒊㦵
⦭ྜ␗ᖖࠊIIIᮇࡣᑿ᳝య㓄ิ␗ᖖࠊIᮇ࠾ࡼࡧ IIIᮇࡣᑿ᳝ᙧែ␗ᖖࡢⓎ⏕㢖ᗘࡀࠊ௚ࡢᮇ㛫࡟ẚ
࡭࡚㧗್ࢆ♧ࡋࠊ⬚㦵ศ⠇⒵ྜࡣࠊ4ࡘࡢᮇ㛫඲࡚࡛㧗㢖ᗘ࡟ࡳࡽࢀࡓ(Table 2-1-6)ࠋࡇࢀࡽࡢ␗
ᖖࡀⓎ⏕ࡋࡓヨ㦂ẖࡢ⫾ඣᩘࡣࠊᑿ᳝య㓄ิ␗ᖖ࠾ࡼࡧ⬚㦵ศ⠇⒵ྜࢆ㝖࠸࡚࠸ࡎࢀࡢᮇ㛫࡛ࡶ
2౛௨ୗ࡜ᑡ࡞࠿ࡗࡓ(ࢹ࣮ࢱᥦ♧ࡏࡎ)ࠋᑿ᳝య㓄ิ␗ᖖ࠾ࡼࡧ⬚㦵ศ⠇⒵ྜࡀࡳࡽࢀࡓヨ㦂ẖࡢ
⫾ඣᩘࡣࠊ᭱኱࡛ 3౛࡛࠶ࡗࡓࡀࠊⓎ⏕ࡋࡓヨ㦂࡛ࡣ౑⏝ࡋࡓẕື≀ᩘ(࠸ࡎࢀࡶ 18⩚㸭ヨ㦂)࠾
ࡼࡧ⫾ඣᩘ(࠸ࡎࢀࡶ 143༉㸭ヨ㦂)ࡀከࡃࠊᐇ㉁ⓗ࡞Ⓨ⏕㢖ᗘࡣప࠸ࡇ࡜࠿ࡽࠊẘᛶホ౯࡟ࡣᙳ㡪
ࢆཬࡰࡉ࡞࠸ࡶࡢ࡜ุ᩿ࡉࢀࡿ(ࢹ࣮ࢱᥦ♧ࡏࡎ)ࠋ࡞࠾ࠊ2000 ᖺ௨㝆࡟ࡢࡳᑿ᳝య㓄ิ␗ᖖࡀࡳ
ࡽࢀࡿࡼ࠺࡟࡞ࡗࡓࡀࠊࡇࢀࡣ IFTSጤဨ఍⏝ㄒ㞟 Version 1 (Horimotoࡽ 1998ᖺ)࡟ᮏᡤぢࡀຍ࠼
ࡽࢀࡓࡓࡵグ㍕ࡉࢀࡿࡼ࠺࡟࡞ࡗࡓࡶࡢ࡛࠶ࡿࠋ 
 29 
 
Table 2-1-6 Kbl:JW࢘ࢧࢠ⫾ඣࡢ⫼ᬒࢹ࣮ࢱ㸸㦵᱁␗ᖖ 
ࢹ࣮ࢱゎᯒᮇ㛫 Iᮇ㸸1990-1994ᖺ IIᮇ㸸1995-1999ᖺ IIIᮇ㸸2000-2004ᖺ IVᮇ㸸2005-2010ᖺ
ዷፎື≀ᩘ 219 179 219 159 
⫾ඣᩘ 1839 1393 1689 1277 
 㦵᱁␗ᖖ % (n) 1.47 (27) 1.72 (24) 2.37 (40) 1.96 (25) 
 㢌⵹㦵Ḟᦆ % (n)  0.07 (1)  0.08 (1) 
 㢌⵹㢦㠃㦵Ḟᦆ % (n) 0.05 (1)   0.08 (1) 
 㢌⵹㦵ᙧែ␗ᖖ % (n) 0.11 (2)   
 㢌⵹㢦㠃㦵ᙧែ␗ᖖ % (n) 0.05 (1)  0.12 (2) 
 㢦㠃㦵ᙧែ␗ᖖ % (n) 0.11 (2)   
 እᚋ㢌㦵➨୍㢕᳝⒵ྜ % (n) 0.05 (1)   
 ๓㢌㦵⒵ྜ % (n)    0.08 (1) 
 㰯㦵㛫⦭ྜ␗ᖖ % (n)    0.08 (1) 
 㢌㒊㦵⦭ྜ␗ᖖ % (n) 0.16 (3) 0.14 (2) 0.41 (7) 0.63 (8) 
 㰘ᐊ㍯ᙧែ␗ᖖ % (n)   0.06 (1) 
 ୖ㢡㦵ᑠᆺ໬ % (n) 0.11 (2)   
 ୗ㢡㦵ᑠᆺ໬ % (n) 0.16 (3)   
 ⯉㦵Ḟᦆ % (n)   0.06 (1) 
 㢕᳝ᘪḞᦆ % (n)    0.08 (1) 
 㢕᳝యḞᦆ % (n)   0.06 (1) 
 㢕᳝ศ⠇㞀ᐖ % (n) 0.05 (1)  0.12 (2) 
 㢕᳝ᙧែ␗ᖖ % (n) 0.22 (4) 0.14 (2) 0.12 (2) 0.08 (1) 
 㙐㦵Ḟᦆ % (n)    0.08 (1) 
 㙐㦵ᙧែ␗ᖖ % (n) 0.05 (1)   
 ⫘㦵Ḟᦆ % (n)  0.14 (2)  0.08 (1) 
 ⫘㦵ᩘῶᑡ % (n)  0.07 (1) 0.06 (1) 
 ⫘㦵▷ᑠ % (n)    0.08 (1) 
 ⫘㦵ศᒱ % (n)  0.22 (3)  
 ⫘㦵⒵ྜ % (n)  0.14 (2)  
 ⫘㦵ᙧែ␗ᖖ % (n) 0.22 (4) 0.14 (2) 0.12 (2) 
 ⬚㦵ศ⠇Ḟᦆ % (n)    0.08 (1) 
 ⬚㦵ศ⠇⒵ྜ % (n) 0.49 (9) 0.50 (7) 0.41 (7) 0.31 (4) 
 ⬚㦵ศ⠇ᙧែ␗ᖖ % (n)  0.22 (3) 0.12 (2) 
 ⬚㦵ศ⠇⿣ % (n)   0.06 (1) 
 ⬚᳝ᘪḞᦆ % (n)    0.08 (1) 
 ⬚᳝Ḟᦆ % (n)   0.12 (2) 
 ⬚᳝ᩘῶᑡ % (n)  0.07 (1)  
 ⬚᳝ᙧែ␗ᖖ % (n) 0.22 (4) 0.14 (2) 0.12 (2) 
 ⬚᳝ศ⠇㞀ᐖ % (n)  0.22 (3) 0.06 (1) 0.08 (1) 
 ⭜᳝Ḟᦆ % (n)   0.06 (1) 0.08 (1) 
 ⭜᳝ᩘῶᑡ % (n) 0.11 (2)   
 ⭜᳝ᘪ᳝య⒵ྜ % (n) 0.05 (1)   
 ⭜᳝ᙧែ␗ᖖ % (n) 0.16 (3) 0.14 (2) 0.12 (2) 
 ⭜᳝ศ⠇㞀ᐖ % (n) 0.11 (2) 0.07 (1) 0.06 (1) 
 ௝᳝ᙧែ␗ᖖ % (n) 0.16 (3) 0.14 (2) 0.12 (2) 
 ௝᳝ศ⠇㞀ᐖ % (n) 0.05 (1)   
 ᶨ㦵Ḟᦆ % (n)    0.08 (1) 
 ᶨ㦵▷ᑠ % (n)    0.08 (1) 
 ᑻ㦵ᙃ᭤ % (n) 0.05 (1)   
 ᑻ㦵▷ᑠ % (n)    0.08 (1) 
 ୖ⭎㦵▷ᑠ % (n)    0.08 (1) 
 ⭌㦵▷ᑠ % (n) 0.05 (1)   
 ⬯㦵Ḟᦆ % (n) 0.05 (1)   0.08 (1) 
 ⬯㦵▷ᑠ % (n) 0.05 (1)   
 ᣦ⠇㦵Ḟᦆ(๓⫥) % (n)    0.08 (1) 
 ᣦ⠇㦵Ḟᦆ(ᚋ⫥) % (n)    0.08 (1) 
 ᣦ⠇㦵ᙧែ␗ᖖ(๓⫥) % (n) 0.05 (1)   
 ᣦ⠇㦵ᙧែ␗ᖖ(ᚋ⫥) % (n) 0.05 (1)   
 ᑿ᳝⒵ྜ % (n)  0.14 (2)  
 ᑿ᳝య㓄ิ␗ᖖ % (n)   0.53 (9) 0.23 (3) 
 ᑿ᳝ᙧែ␗ᖖ % (n) 0.76 (14) 0.29 (4) 0.59 (10) 0.23 (3) 
㸸␗ᖖ↓ࡋࠊ(n)㸸␗ᖖⓎ⏕⫾ඣᩘ
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⫾ඣ㦵᱁ኚ␗ 
㦵᱁ኚ␗ࡣࠊIᮇࡢ⥲Ⓨ⏕㢖ᗘࡀࠊࡑࡢ௚ࡢᮇ㛫ࡢ㢖ᗘࡼࡾࡶ㧗ࡃࠊ㦵᱁ኚ␗ࡢ✀㢮ẖ࡟ࡳࡿ࡜
Iᮇࡢ㐣๫⫘㦵ࡢⓎ⏕㢖ᗘ(35.67%)ࡀࠊIIᮇࡢⓎ⏕㢖ᗘ(25.18%)ࡼࡾࡶ㧗࠿ࡗࡓ(Table 2-1-7)ࠋIFTS
ጤဨ఍⏝ㄒ㞟 Version 1 (Horimotoࡽ 1998ᖺ)࡟ᇶ࡙࠸࡚ᡃࠊ ࠎࡢ◊✲ᡤ࡛ࡣ 2000ᖺ௨㝆(III࠾ࡼࡧ
IVᮇ)ࡣ㐣๫⫘㦵ࢆ᏶඲㐣๫⫘㦵࡜▷ᑠ㐣๫⫘㦵࡟ศࡅ࡚ホ౯ࡋ࡚࠸ࡓࡢ࡛ࠊI࠾ࡼࡧ IIᮇࡢࢹ࣮
ࢱ࡜ẚ㍑ࡍࡿࡓࡵࠊࡇࢀࡽࡢኚ␗ࡢⓎ⏕㢖ᗘࢆྜィࡋࡓ࡜ࡇࢁࠊI ᮇࡢ㐣๫⫘㦵ࡢⓎ⏕㢖ᗘ
(35.67%)ࡼࡾࡸࡸప࠿ࡗࡓ[IIIᮇ㸸26.88% (7.28%+19.60%)ࠊIVᮇ㸸24.75% (7.52%+17.23%)]ࠋᚑࡗ
࡚ࠊIᮇࡢ㦵᱁ኚ␗ࡢ⥲Ⓨ⏕㢖ᗘࡀ௚ࡢᮇ㛫࡟ẚ࡭࡚㧗࠸ཎᅉࡣࠊ㐣๫⫘㦵ࡢⓎ⏕㢖ᗘࡢ㐪࠸࡟㉳
ᅉࡋࡓࡶࡢ࡜⪃࠼ࡽࢀࡓࠋࡋ࠿ࡋ࡞ࡀࡽࠊI ᮇ࡜ࡑࡢ௚ࡢᮇࡢ㐣๫⫘㦵ࡢⓎ⏕㢖ᗘࡢᕪ࡟ẚ࡭࡚ࠊ
ಶูࡢヨ㦂࡟࠾ࡅࡿᑐ↷⩌࡜ᢞ⸆⩌ࡢ㐣๫⫘㦵ࡢⓎ⏕㢖ᗘࡢᕪࡢ᪉ࡀ኱ࡁ࠸ࡇ࡜࠿ࡽࠊ⸆≀ࡢẘ
ᛶホ౯࡟ࡣᙳ㡪ࡋ࡞࠸࡜⪃࠼ࡽࢀࡿࠋ⭜᳝ᩘኚ␗ࡢⓎ⏕㢖ᗘࡣࠊIIIᮇ௨㝆࡟ࢃࡎ࠿࡟ቑຍࡋࡓࡀࠊ
ࡇࡢཎᅉࡣ 2000 ᖺ௨㝆ࡢᡤぢุ᩿ᇶ‽ࡢ㐪࠸࡟ࡼࡿࡶࡢ࡜ุ᩿ࡍࡿ(ᪧᇶ‽࡛ࡣ⭠㦵ࡢඛ➃௜㏆
ࡢ᳝㦵࡟࠾ࡅࡿ⫼ഃࡢ㦵໬㒊఩ࢆ➨୍௝᳝࡜ࡋ࡚࠸ࡓࡀࠊ᪂ᇶ‽࡛ࡣ⭠㦵ඛ➃ࡢ⬥ࡢ᳝㦵࡟࠾ࡅ
ࡿ⭡ഃࡢ㦵໬㒊఩ࢆ➨୍௝᳝࡜ࡋ࡚࠸ࡿ)ࠋ㦵໬ࡢ⛬ᗘࢆ⾲ࡍ㦵໬௝ᑿ᳝ᩘࡣࠊ඲ᮇ㛫࡛࡯ࡰྠ➼
࡛࠶ࡗࡓ (Table 2-1-7)ࠋ 
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Table 2-1-7 Kbl:JW࢘ࢧࢠ⫾ඣࡢ⫼ᬒࢹ࣮ࢱ㸸㦵᱁ኚ␗ 
ࢹ࣮ࢱゎᯒᮇ㛫 Iᮇ㸸1990-1994ᖺ IIᮇ㸸1995-1999ᖺ IIIᮇ㸸2000-2004ᖺ IVᮇ㸸2005-2010ᖺ
ዷፎື≀ᩘ 219 179 219 159 
⫾ඣᩘ 1839 1393 1689 1277 
  
  
㦵᱁ኚ␗ % (n) 37.89 (698) 29.91 (417) 27.83 (470) 26.86 (343) 
 㢕᳝ᘪ୙ᑐ⛠ % (n)  0.07 (1)  
 㢕᳝ᘪ཮≧ % (n)  0.07 (1)  
 㢕᳝య஧ศ㦵໬ % (n)   0.12 (2) 0.39 (5) 
 㢕⫘ % (n) 1.95 (36) 3.44 (48) 2.61 (44) 3.13 (40) 
 㐣๫⫘㦵 % (n) 35.67 (657) 25.18 (351) NE NE 
 ᏶඲㐣๫⫘㦵 % (n) NE NE 7.28 (123) 7.52 (96) 
 ▷ᑠ㐣๫⫘㦵 % (n) NE NE 19.60 (331) 17.23 (220) 
 ➨ 12⫘㦵▷ᑠ % (n)    0.08 (1) 
 ⬚㦵ศ⠇㝵ẁ≧ % (n) 0.11 (2) 0.29 (4) 0.36 (6) 0.16 (2) 
 ⬚㦵ศ⠇஧ศ㦵໬ % (n) 0.05 (1) 0.79 (11)  0.31 (4) 
 ⬚㦵ศ⠇వ๫㦵໬∦ % (n) 0.11 (2) 0.72 (10) 0.12 (2) 0.39 (5) 
 ⬚㦵ศ⠇⣒≧⒵ྜ % (n) 0.43 (8) 0.79 (11) 0.24 (4) 0.39 (5) 
 ⬚᳝ᘪ୙ᑐ⛠ % (n)  0.07 (1)  
 ⬚᳝య஧ศ㦵໬ % (n) 0.22 (4) 0.43 (6) 0.06 (1) 0.16 (2) 
 ⭜᳝ᩘኚ␗ % (n) 1.47 (27) 0.29 (4) 3.02 (51) 4.07 (52) 
 ⭜᳝௝᳝໬ % (n)    0.16 (2) 
 ௝᳝⭜᳝໬ % (n)   1.01 (17) 0.16 (2) 
㦵໬௝ᑿ᳝ᩘ† 19.0±0.7 19.1±0.8 18.9±0.8 18.9±0.8 
㸸ኚ␗↓ࡋࠊn㸸ኚ␗Ⓨ⏕⫾ඣᩘࠊ†㸸ᖹᆒ್±ᶆ‽೫ᕪࠊ 
NE㸸ᮍほᐹ (2000ᖺࡼࡾุ᩿ᇶ‽ࡀ㐣๫⫘㦵࠿ࡽ▷ᑠ࠾ࡼࡧ᏶඲㐣๫⫘㦵࡟ኚ᭦ࡉࢀࡓࡓࡵ) 
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ࢧࣜࢻ࣐࢖ࢻ࡟ᑐࡍࡿ⫾ඣࡢឤཷᛶ 
ẕື≀ࡢ⏕Ṫࣃ࣓࣮ࣛࢱ࣮࠾ࡼࡧ⫾ඣࡢṚஸ⋡㺃ᛶẚ㺃య㔜 
1988ᖺࠊ1995ᖺ࠾ࡼࡧ 2007ᖺ࡟ᐇ᪋ࡋࡓࢧࣜࢻ࣐࢖ࢻࢆ⏝࠸ࡓ⬇࣭⫾ඣⓎ⏕ẘᛶヨ㦂(ࢧࣜࢻ
࣐࢖ࢻヨ㦂)ࡢ㯤యᩘ࡞ࡽࡧ࡟ 1995ᖺ࠾ࡼࡧ 2007ᖺࡢࢧࣜࢻ࣐࢖ࢻヨ㦂ࡢ╔ᗋᩘ࡜╔ᗋ๓Ṛஸ⋡
ࡣࠊ⫼ᬒࢹ࣮ࢱࡢᖹᆒ್࡜࡯ࡰྠ୍࡛࠶ࡗࡓ(Table 2-1-1࠾ࡼࡧ 8)ࠋ1988ᖺࡢヨ㦂࡛ࡣ௚ࡢ 2ヨ㦂
࡜ẚ㍑ࡋ࡚╔ᗋᩘࡀప್ഴྥࠊ╔ᗋ๓Ṛஸ⋡ࡀ㧗್ഴྥ࡛࠶ࡗࡓࠋࡋ࠿ࡋ࡞ࡀࡽࠊࡇࢀࡽࡢ್ࡣ
ᡃࠎࡢ◊✲ᡤ࡛1984-1986ᖺ࡟ᐇ᪋ࡋࡓ11ヨ㦂ࡢ⫼ᬒࢹ࣮ࢱࡢ⠊ᅖ࡟࡯ࡰྵࡲࢀ࡚࠾ࡾ[ᖹᆒ╔ᗋ
ᩘ(ྛヨ㦂ࡢ᭱ᑠ㸫᭱኱)㸸7.5-11.8ࠊ╔ᗋ⋡(╔ᗋ๓Ṛஸ⋡ࡢ⿵᏶್ࠊྛヨ㦂ࡢ᭱ᑠ㸫᭱኱)㸸
63.5-96.9%] (Kurishitaࡽ 1987ᖺ)ࠊࡼࡾከ㔞ࡢ 500 mg/kgࡢࢧࣜࢻ࣐࢖ࢻࢆ㞧✀ࡢዷፎ࢘ࢧࢠ࡟ዷ
ፎ 3 ᪥࠿ࡽ཯᚟ᢞ୚ࡋ࡚ࡶ╔ᗋ๓Ṛஸ⋡ࢆୖ᪼ࡉࡏ࡞࠸ࡇ࡜(Hay 1964 ᖺ)ࠊࡲࡓዷፎ 6 ᪥ࡢ
JW-NIBS࢘ࢧࢠ࡟ 500 mg/kgࡢࢧࣜࢻ࣐࢖ࢻࢆ༢ᅇᢞ୚ࡋ࡚ࡶ╔ᗋᩘ࡟ᙳ㡪ࡀ࡞࠸ࡇ࡜ࡀሗ࿌ࡉ
ࢀ࡚࠸ࡿ(Matsubara࠾ࡼࡧMikami 1985ᖺ)ࡇ࡜࠿ࡽࠊ╔ᗋᩘࡢప್ഴྥ࠾ࡼࡧ╔ᗋ๓Ṛஸ⋡ࡢ㧗
್ഴྥࡣ⮬↛Ⓨ⏕ᛶ࡜⪃࠼ࡽࢀࡿࠋ࠸ࡎࢀࡢヨ㦂࡛ࡶ⫼ᬒࢹ࣮ࢱࡢᖹᆒ್࡜ẚ࡭࡚╔ᗋᚋṚஸ⋡
࡞ࡽࡧ࡟⫾┙㑇ṧ࠾ࡼࡧṚஸඣᩘࡣ㧗್ࢆࠊ⏕Ꮡ⫾ඣᩘ࠾ࡼࡧ⫾ඣయ㔜ࡣప್ࢆ♧ࡋ࡚࠾ࡾࠊࢧ
ࣜࢻ࣐࢖ࢻ࡟ࡼࡿ⫾ඣ࡟ᑐࡍࡿ⮴Ṛస⏝ࡣ෌⌧ᛶࡀࡳࡽࢀࡓࠋ2007ᖺࡢヨ㦂ࡢᛶẚࡣ⫼ᬒࢹ࣮ࢱ
ࡢᖹᆒ್࡜ẚ࡭࡚ప್ഴྥࢆ♧ࡋࡓ(Table 2-1-2࠾ࡼࡧ 8)ࠋࡋ࠿ࡋ࡞ࡀࡽࠊ2007ᖺࡢᛶẚࡢඖ࡜࡞
ࡿẕື≀ࡢಶูࢹ࣮ࢱ(Table 2-1-9)ࢆࡳࡿ࡜ 8౛ࡢ⏕Ꮡ⫾ඣ඲࡚ࡀ㞤࡜࠸࠺ẕື≀␒ྕ 1ࡢ␗ᖖ್
(ᛶẚ 0%)࡟ࡼࡗ࡚ᖹᆒ್ࡀ኱ࡁࡃపୗࡋࡓࡇ࡜ࡀᙳ㡪ࡋ࡚࠸ࡓࠋᮏẕື≀࡛௬࡟Ṛஸࡋࡓ⬇ࡲࡓ
ࡣ⫾ඣࡀ඲౛㞝࡛࠶ࡗࡓ࡜ࡋ࡚ࡶࠊࡍ࡭࡚ࡢ╔ᗋᩘ 10౛୰ࡢ 2౛࡟ࡍࡂࡎࠊࡲࡓࠊࡑࡢ௚ࡢẕື
≀ࡢᛶẚ࡟೫ࡾࡣ࡞࠸ࡇ࡜࠿ࡽࠊ2007ᖺࡢᛶẚࡢప್ഴྥࡣࠊࢧࣜࢻ࣐࢖ࢻ࡟ࡼࡿ㞝ࡢ⬇ࡲࡓࡣ
⫾ඣ࡬ࡢ㑅ᢥⓗ࡞⮴Ṛస⏝࡛ࡣ࡞ࡃࠊ⮬↛Ⓨ⏕ᛶࡢኚື࡜⪃࠼ࡽࢀࡓࠋ 
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Table 2-1-8 ࢧࣜࢻ࣐࢖ࢻࡢẕື≀࠾ࡼࡧ⫾ඣ࡬ࡢᙳ㡪㸸ẕື≀ࡢ⏕Ṫࣃ࣓࣮ࣛࢱ࣮࠾ࡼࡧ 
 ⫾ඣṚஸ⋡㺃ᛶẚ㺃య㔜 
ヨ㦂ᐇ᪋ᖺ 1988 1995 2007 
ᢞ୚㔞 (mg/kg/᪥) 300 
ᢞ୚ᮇ㛫 ዷፎ 6-18᪥ ዷፎ 7-15᪥ 
ዷፎື≀ᩘ 10 4 4 
 
㯤యᩘ† 10.6±3.2 10.3±2.1 10.8±1.5 
╔ᗋᩘ† 7.1±3.6 8.3±1.5 9.5±3.1 
╔ᗋ๓Ṛஸ⋡ (%)† 33.5±27.3 18.3±14.8 13.2±21.2 
⫾ඣᩘ 51 24 28 
 ╔ᗋᚋṚஸ⋡(%)† 27.0±23.2 27.6±12.9 31.0±19.8 
Ṛஸ⬇㺃⫾ඣᩘ    
྾཰⬇ᩘ† 0.0±0.0 0.0±0.0 0.0±0.0 
⫾┙㑇ṧᩘ† 1.5±1.8 1.8±1.3 2.0±0.8 
Ṛஸ⫾ඣᩘ† 0.5±1.3 0.5±0.6 0.5±0.6 
⏕Ꮡ⫾ඣᩘ† 5.1±3.0 6.0±1.6 7.0±3.5 
ᛶẚ (%)† 43.7±31.6 56.9±16.8 35.0±23.8͋ 
య㔜 (g)† 㞝 32.4±6.2 24.8±5.0 32.7±1.5 㞤 32.7±7.0 23.7±7.6 31.8±1.6 
ᛶẚ㸸[㞝ື≀ᩘ/(㞝ື≀ᩘ+㞤ື≀ᩘ)]×100ࠊ†㸸ྠ⭡ඣ༢఩ࡢᖹᆒ್±ᶆ‽೫ᕪࠊ 
͋㸸2007ᖺࡢẕື≀ẖࡢᛶẚࡣTable 2-1-9ࢆཧ↷ 
 
Table 2-1-9 2007ᖺࡢẕື≀ẖࡢ╔ᗋᩘ㺃㞤㞝⫾ඣᩘ㺃ᛶẚ 
ẕື≀␒ྕ ╔ᗋᩘ ⫾ඣᩘ (㞝㸸㞤) ᛶẚ (%) 
1 10 0㸸8 0 
2 11 4㸸4 50 
3 5 1㸸1 50 
4 12 4㸸6 40 
ᛶẚ㸸[㞝⫾ඣᩘ/(㞝⫾ඣᩘ+㞤⫾ඣᩘ)] ×100 
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⫾ඣእ⾲␗ᖖ 
1988ᖺࠊ1995ᖺ࠾ࡼࡧ 2007ᖺ࡟ᐇ᪋ࡋࡓࢧࣜࢻ࣐࢖ࢻヨ㦂࡟࠾ࡅࡿ⫾ඣእ⾲␗ᖖ඲యࡢⓎ⏕
㢖ᗘࡢ⠊ᅖࡣࠊ85.1-96.9%࡛࠶ࡾ (Table 2-1-10)ࠊ⫼ᬒࢹ࣮ࢱ(Table 2-1-3)࡜ẚ㍑ࡋ࡚ᴟࡵ࡚㧗㢖ᗘ
࡛࠶ࡗࡓࠋ୺࡞Ⓨ⏕㒊఩ࡣ㢌㒊㢦㠃ࠊᅄ⫥࠾ࡼࡧᑿ࡛࠶ࡗࡓࠋ᭱ࡶ㧗㢖ᗘ࡟Ⓨ⏕ࡋࡓእ⾲␗ᖖࡣ
▷ᑿ(Fig. 2-1-1)࡛࠶ࡾࠊࡑࡢⓎ⏕㢖ᗘࡣ 3ヨ㦂࡜ࡶྠ➼࡛࠶ࡗࡓࠋ␗ᖖᅇ㌿ᡭ(๓⫥)(Fig. 2-1-1)ࡸ
Ḟᣦࡶ㧗㢖ᗘ࡟ࡳࡽࢀࠊ2007ᖺࡢヨ㦂࡟࠾ࡅࡿࡇࢀࡽࡢⓎ⏕㢖ᗘࡣࠊ1998ᖺ࠾ࡼࡧ 1995ᖺࡢヨ
㦂ࡢ㢖ᗘࡼࡾࡶ࠿࡞ࡾ㧗࠿ࡗࡓࠋ▷ᣦࡶ 2007ᖺࡢヨ㦂࡛ࡣࡸࡸ㧗㢖ᗘ࡟ほᐹࡉࢀࡓࠋ 
 
 
Table 2-1-10 ࢧࣜࢻ࣐࢖ࢻࡢ⫾ඣ࡬ࡢᙳ㡪㸸እ⾲␗ᖖ 
ヨ㦂ᐇ᪋ᖺ 1988 1995 2007 
ᢞ୚㔞 (mg/kg/᪥) 300 
ᢞ୚ᮇ㛫 ዷፎ 6-18᪥ ዷፎ 7-15᪥ 
ዷፎື≀ᩘ 10 4 4 
ほᐹ⫾ඣᩘ 51 24 28 
 እ⾲␗ᖖ % (n) 85.1 (44) 91.7 (22) 96.9 (27) 
 እ⬻ % (n) 2.5 (1) 14.6 (3) 6.3 (2) 
 㧊⭷⬻⒗ % (n)   12.5 (1) 
 ║㒊㝯㉳ᡥᖹ % (n) 12.2 (7) 4.2 (1) 
 ཱྀ၁⿣ % (n) 9.2 (4)  
 ཱྀ⵹⿣ % (n) 5.0 (2)  
 ⮖ᖏ࣊ࣝࢽ࢔ % (n) 2.6 (2) 6.3 (1) 
 ␗ᖖᅇ㌿ᡭ(๓⫥) % (n) 11.3 (6) 25.0 (5) 66.3 (16) 
 ␗ᖖᅇ㌿ᡭ(ᚋ⫥) % (n)  6.3 (1) 28.1 (3) 
 Ḟᣦ(๓⫥) % (n) 18.8 (9) 25.0 (5) 60.0 (14) 
 Ḟᣦ(ᚋ⫥) % (n)  6.3 (1) 25.0 (2) 
 ▷ᣦ(๓⫥) % (n) 3.3 (2)  25.0 (5) 
 ▷ᣦ(ᚋ⫥) % (n)   12.5 (1) 
 ከᣦ(ᚋ⫥) % (n)  6.3 (1) 6.3 (2) 
 ᣦᙧែ␗ᖖ(๓⫥) % (n) 3.3 (2) 12.5 (3) 3.1 (1) 
 㙐⫠ % (n) 0.9 (1)  
 ⫠㛛⊃✽ % (n)  6.3 (1) 
 ▷ᑿ % (n) 69.6 (37) 75.0 (19) 81.3 (22) 
 ↓ᑿ % (n)  12.5 (2) 
㸸␗ᖖ࡞ࡋࠊ%㸸ྠ⭡ඣ༢఩ࡢᖹᆒ್ࠊ(n)㸸␗ᖖⓎ⏕⫾ඣᩘ 
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Fig. 2-1-1 ࢧࣜࢻ࣐࢖ࢻ࡟ࡼࡾㄏⓎࡉࢀࡓ࢘ࢧࢠ⫾ඣእ⾲␗ᖖ 
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⫾ඣෆ⮚␗ᖖ 
1988ᖺࠊ1995ᖺ࠾ࡼࡧ 2007ᖺ࡟ᐇ᪋ࡋࡓࢧࣜࢻ࣐࢖ࢻヨ㦂࡟࠾ࡅࡿ⫾ඣෆ⮚␗ᖖࡢⓎ⏕㢖ᗘ
ࡢ⠊ᅖࡣ 53.1-83.1%࡛࠶ࡾ(Table 2-1-11)ࠊ⫼ᬒࢹ࣮ࢱ(Table 2-1-4)࡜ẚ࡭࡚ⴭࡋ࠸㧗್ࢆ♧ࡋࡓࠋ
୺࡞␗ᖖࡢⓎ⏕㒊఩ࡣ㢌㒊ࠊᚰ⾑⟶⣔ࠊ⫵ࠊ⫢⮚࠾ࡼࡧ⭈⮚࡛࠶ࡗࡓࠋ㧗㢖ᗘ࡟Ⓨ⏕ࡋࡓ␗ᖖࡣࠊ
Ỉ㢌⑕ࠊ⫵୰㛫ⴥḞᦆ࠾ࡼࡧ⫢⮚ศⴥ␗ᖖ࡛࠶ࡗࡓࠋ2007ᖺࡢ⫵୰㛫ⴥḞᦆࡢⓎ⏕㢖ᗘࡣࠊ௚ࡢ
ᖺࡼࡾࡶ㧗࠿ࡗࡓࠋ 
 
 
Table 2-1-11 ࢧࣜࢻ࣐࢖ࢻࡢ⫾ඣ࡬ࡢᙳ㡪㸸ෆ⮚␗ᖖ 
ヨ㦂ᐇ᪋ᖺ 1988 1995 2007 
ᢞ୚㔞 (mg/kg/᪥) 300 
ᢞ୚ᮇ㛫 ዷፎ 6-18᪥ ዷፎ 7-15᪥ 
ዷፎື≀ᩘ 10 4 4 
ほᐹ⫾ඣᩘ 51 24 28 
 ෆ⮚␗ᖖ % (n) 68.9 (38) 53.1 (13) 83.1 (22) 
 Ỉ㢌⑕ % (n) 16.9 (11) 14.6 (3) 37.5 (9) 
 ᑠ║⌫ % (n)   2.5 (1) 
 ᚰᐊ୰㝸⭷ᛶ㒊Ḟᦆ % (n) 13.5 (7)  21.9 (4) 
 ኱ື⬦ᘪ㞳᩿ % (n)  3.1 (1) 5.6 (2) 
 㥽஌኱ື⬦ % (n) 2.5 (1) 12.5 (3) 6.3 (2) 
 ኱ື⬦⊃✽ % (n) 0.9 (1)   
 ⫵ື⬦ᖿ⊃✽ % (n) 10.8 (5) 11.5 (3) 9.4 (3) 
 ື⬦⟶⊃✽ % (n) 9.1 (4)   
 㙐㦵ୗື⬦㉳ጞ␗ᖖ % (n) 9.6 (5)   
 㣗㐨⫼᪉㙐㦵ୗື⬦ % (n) 4.2 (4) 4.2 (1) 25.0 (2) 
 ⫵୰㛫ⴥḞᦆ % (n) 3.3 (1) 7.3 (2) 29.4 (10) 
 ⫵ᑠᆺ໬ % (n)  4.2 (1) 3.1 (1) 
 ⬚㒊ᾮయ㈓␃ % (n)   3.1 (1) 
 ᶓ㝸⭷࣊ࣝࢽ࢔ % (n)   9.4 (3) 
 ⫢⮚ศⴥ␗ᖖ % (n) 39.6 (20) 16.7 (4) 41.3 (10) 
 ⫢⮚ᄞ⬊ % (n) 1.7 (1)   
 ⫹ᄞ஧ศ % (n) 4.8 (2)   
 ⫹ᄞ᠁ᐊ % (n)  4.2 (1)  
 ⫹ᄞᑠᆺ໬ % (n)   5.6 (2) 
 ⫹ᄞḞᦆ % (n) 0.9 (1)   
 ⭈⮚఩⨨␗ᖖ % (n) 0.9 (1) 4.2 (1)  
 ⭈⮚Ḟᦆ % (n) 1.7 (1) 3.1 (1)  
 ⭈⮚ᑠᆺ໬ % (n)  4.2 (1)  
 Ỉ⭈⑕ % (n) 2.2 (2)   
㸸␗ᖖ࡞ࡋࠊ%㸸ྠ⭡ඣ༢఩ࡢᖹᆒ್ࠊ(n)㸸␗ᖖⓎ⏕⫾ඣᩘ 
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⫾ඣෆ⮚ኚ␗ 
1988ᖺࠊ1995ᖺ࠾ࡼࡧ 2007ᖺ࡟ᐇ᪋ࡋࡓࢧࣜࢻ࣐࢖ࢻヨ㦂࡟࠾ࡅࡿ⫾ඣෆ⮚ኚ␗ࡢⓎ⏕㢖ᗘ
ࡢ⠊ᅖࡣ 39.8%-73.1%࡛࠶ࡾ(Table 2-1-12)ࠊ⫼ᬒࢹ࣮ࢱ(Table 2-1-5)ࡼࡾࡶⴭࡋࡃከ࠿ࡗࡓࠋ୺࡞
ኚ␗ࡢⓎ⏕㒊఩ࡣ⫵࡛࠶ࡾࠊ⫵ⴥ㛫⿣పᙧᡂࡀ㧗㢖ᗘ࡟ほᐹࡉࢀࡓࠋ 
 
 
Table 2-1-12 ࢧࣜࢻ࣐࢖ࢻࡢ⫾ඣ࡬ࡢᙳ㡪㸸ෆ⮚ኚ␗ 
ヨ㦂ᐇ᪋ᖺ 1988 1995 2007 
ᢞ୚㔞 (mg/kg/᪥) 300 
ᢞ୚ᮇ㛫 ዷፎ 6-18᪥ ዷፎ 7-15᪥ 
ዷፎື≀ᩘ 10 4 4 
ほᐹ⫾ඣᩘ 51 24 28 
 ෆ⮚ኚ␗ % (n) 39.8 (14) 49.0 (12) 73.1 (18) 
 ⫵ⴥ㛫⿣పᙧᡂ % (n) 39.8 (14) 42.7 (11) 70.6 (17) 
 ⫵୰㛫ⴥᑠᆺ໬ % (n) 1.7 (1) 12.5 (3) 11.9 (4) 
 ⭈│ᣑᙇ % (n)  6.3 (1)  
㸸ኚ␗࡞ࡋࠊ%㸸ྠ⭡ඣ༢఩ࡢᖹᆒ್ࠊ(n)㸸ኚ␗Ⓨ⏕⫾ඣᩘ 
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⫾ඣ㦵᱁␗ᖖ 
1988ᖺࠊ1995ᖺ࠾ࡼࡧ 2007ᖺ࡟ᐇ᪋ࡋࡓࢧࣜࢻ࣐࢖ࢻヨ㦂࡟࠾ࡅࡿ⫾ඣ㦵᱁␗ᖖࡢⓎ⏕㢖ᗘ
ࡢ⠊ᅖࡣࠊ62.1-94.4%࡛࠶ࡾ(Table 2-1-13)ࠊ⫼ᬒࢹ࣮ࢱ(Table 2-1-6)࡜ẚ㍑ࡋ࡚㢧ⴭ࡞㧗್ࢆ♧ࡋ
ࡓࠋ㢌㒊㢦㠃(Fig. 2-1-2)ࠊ୰㍈㦵᱁ࠊᑿࠊᅄ⫥࠾ࡼࡧᣦࡢወᙧࡀ㧗㢖ᗘ࡟ほᐹࡉࢀࡓࠋ୺࡞␗ᖖࡣࠊ
ᑿ᳝ᙧែ␗ᖖ࠾ࡼࡧ⒵ྜᶨࠊ 㦵ࡢḞᦆࡲࡓࡣ▷ᑠ(Fig. 2-1-2)࡞ࡽࡧ࡟ᣦ⠇㦵Ḟᦆ࡛࠶ࡗࡓᶨࠋ 㦵ࡸ
ᣦ⠇㦵ࡢ␗ᖖࡢⓎ⏕㢖ᗘࡣ 2007ᖺࡢヨ㦂ࡢ᪉ࡀ 1988ᖺ࠾ࡼࡧ 1995ᖺࡢヨ㦂࡟ẚ࡭࡚࠿࡞ࡾ㧗࠿
ࡗࡓࠋ๓㢌㦵࠾ࡼࡧ㰯㦵㛫⦭ྜࡢᙧែ␗ᖖࠊ࡞ࡽࡧ࡟㢌㒊㢦㠃㦵ࡢ㒊ศḞᦆࡣࠊ2007ᖺࡢヨ㦂࡛
ࡢࡳほᐹࡉࢀࡓࠋࡇࢀࡣ 2000ᖺ௨㝆࡟ IFTSጤဨ఍⏝ㄒ㞟 Version 1 (Horimotoࡽ 1998ᖺ)࡟ᮏᡤぢ
ࡀຍ࠼ࡽࢀࡓࡇ࡜࡟ࡼࡿ㦵᱁ᡤぢࡢᇶ‽ࡢኚ໬࡟㉳ᅉࡋࡓࡶࡢ࡛࠶ࡿࠋ 
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Table 2-1-13 ࢧࣜࢻ࣐࢖ࢻࡢ⫾ඣ࡬ࡢᙳ㡪㸸㦵᱁␗ᖖ 
ヨ㦂ᐇ᪋ᖺ 1988 1995 2007 
ᢞ୚㔞 (mg/kg/᪥) 300 
ᢞ୚ᮇ㛫 ዷፎ 6-18᪥ ዷፎ 7-15᪥ 
ዷፎື≀ᩘ 10 4 4 
ほᐹ⫾ඣᩘ 51 23 28 
 㦵᱁␗ᖖ % (n) 62.1 (31) 72.9 (16) 94.4 (26) 
 㢌⵹㦵Ḟᦆ % (n)   3.1 (1) 
 ๓㢌㦵⦭ྜ␗ᖖ % (n)   51.3 (14) 
 㢌⵹㦵ᙧែ␗ᖖ % (n) 2.5 (1) 16.7 (3) 15.6 (2) 
 㢌⵹㢦㠃㦵ᙧែ␗ᖖ % (n)   3.1 (1) 
 㢦㠃㦵ᙧែ␗ᖖ % (n) 7.5 (3)   
 㰯㦵㛫⦭ྜ␗ᖖ % (n)   43.1 (8) 
 ୖ㢡㦵ᙧែ␗ᖖ % (n)   3.1 (1) 
 㢌⵹㢦㠃㦵㒊ศḞᦆ % (n)   43.8 (8) 
 ཱྀ⵹㦵Ḟᦆ % (n) 5.0 (2)   
 ௝᳝⒵ྜ % (n) 6.0 (4) 7.1 (2)  
 ௝᳝య⒵ྜ % (n)   25.0 (2) 
 ௝ᑿ᳝⒵ྜ % (n) 1.0 (1)   
 ௝ᑿ᳝య⒵ྜ % (n)  14.3 (4)  
 ᑿ᳝ᙧែ␗ᖖ % (n) 30.3 (11) 46.4(9) 23.8 (9) 
 ᑿ᳝⒵ྜ % (n) 26.7 (18) 11.3 (3) 39.4 (7) 
 ᑿ᳝Ḟᦆ % (n) 2.0 (1)   
 ᑿ᳝య㓄ิ␗ᖖ % (n)   12.5 (4) 
 ᶨ㦵Ḟᦆ % (n)   15.6 (2) 
 ᶨ㦵▷ᑠ % (n) 5.0 (2) 12.5 (2) 33.1 (8) 
 ኱⭣㦵Ḟᦆ % (n)   12.5 (1) 
 ኱⭣㦵▷ᑠ % (n)   25.0 (2) 
 ⬯㦵Ḟᦆ % (n)  8.3 (1) 25.0 (2) 
 ⬯㦵▷ᑠ % (n)   3.1 (1) 
 ⭌㦵ᙙ᭤ % (n)  8.3(1) 25.0 (2) 
 ᜝㦵Ḟᦆ % (n)   12.5 (1) 
 ᣦ⠇㦵Ḟᦆ(๓⫥) % (n) 17.3 (8) 33.3 (6) 68.8 (17) 
 ᣦ⠇㦵Ḟᦆ(ᚋ⫥) % (n)  8.3 (1) 25.0 (2) 
 ᣦ⠇㦵ᙧែ␗ᖖ(๓⫥) % (n)  4.2 (1)  
 ୰ᡭ㦵Ḟᦆ(๓⫥) % (n)  4.2 (1)  
 ᣦ⠇㦵㐣๫(ᚋ⫥) % (n)  8.3 (1) 3.1 (1) 
㸸␗ᖖ࡞ࡋࠊ%㸸ྠ⭡ඣ༢఩ࡢᖹᆒ್ࠊ(n)㸸␗ᖖⓎ⏕⫾ඣᩘ 
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Fig. 2-1-2 ࢧࣜࢻ࣐࢖ࢻ࡟ࡼࡾㄏⓎࡉࢀࡓ࢘ࢧࢠ⫾ඣ㦵᱁␗ᖖ 
ṇᖖ 㢌⵹㦵ᙧែ␗ᖖ
 
ṇᖖ
ᶨ㦵▷ᑠ ᶨ㦵Ḟᦆ

▮༳㸸ᶨ㦵ࡲࡓࡣᶨ㦵┦ᙜ㒊఩
ṇᖖ ୗ⫥」ྜ␗ᖖ
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⫾ඣ㦵᱁ኚ␗ 
1988ᖺࠊ1995ᖺ࠾ࡼࡧ 2007ᖺ࡟ᐇ᪋ࡋࡓࢧࣜࢻ࣐࢖ࢻヨ㦂࡟࠾ࡅࡿ⫾ඣ㦵᱁ኚ␗ࡢ⥲Ⓨ⏕㢖
ᗘࡣࠊ28.8-43.5%ࡢ⠊ᅖ࡟࠶ࡾ(Table 2-1-14)ࠊ⫼ᬒࢹ࣮ࢱࡢྛᮇࡢኚ␗ࡢⓎ⏕㢖ᗘࡢ⠊ᅖ࡛࠶ࡿ
26.86-37.89% (Table 2-1-7)࡜኱ᕪ࡞࠿ࡗࡓࠋࡲࡓ✀㢮ูࡢኚ␗ࡢⓎ⏕㢖ᗘ࡟ࡘ࠸࡚ࡶྠᵝ࡟ࢧࣜࢻ
࣐࢖ࢻヨ㦂࡜⫼ᬒࢹ࣮ࢱࡢᑐ↷⩌ࡢᖹᆒ್࡜ࡢ㛫࡟᫂☜࡞ᕪࡣࡳࡽࢀ࡞࠿ࡗࡓ(Tables 2-1-7 ࠾ࡼ
ࡧ 14)ࠋᚑࡗ࡚ࠊ㦵᱁␗ᖖ࡜ࡣ␗࡞ࡾࠊ⫾ඣࡢ㦵᱁ኚ␗ࡢⓎ⏕࡟ࡣࢧࣜࢻ࣐࢖ࢻࡣᙳ㡪ࢆཬࡰࡉ࡞
࠸࡜ุ᩿ࡋࡓࠋ 
 
 
Table 2-1-14 ࢧࣜࢻ࣐࢖ࢻࡢ⫾ඣ࡬ࡢᙳ㡪㸸㦵᱁ኚ␗ 
ヨ㦂ᐇ᪋ᖺ 1988 1995 2007 
ᢞ୚㔞 (mg/kg/᪥) 300 
ᢞ୚ᮇ㛫 ዷፎ 6-18᪥ ዷፎ 7-15᪥ 
ዷፎື≀ᩘ 10 4 4 
ほᐹ⫾ඣᩘ 51 23 28 
 㦵᱁ኚ␗ % (n) 33.6 (25) 43.5 (10) 28.8 (10) 
 㢕⫘ % (n)  10.7 (3) 2.5 (1) 
 㐣๫⫘㦵 % (n) 33.6 (25) 32.7 (7) NE 
 ▷ᑠ㐣๫⫘㦵 % (n) NE NE 23.1 (8) 
 ⬚㦵ศ⠇⣒≧⒵ྜ % (n)  11.3 (3) 3.1 (1) 
 ⬚㦵ศ⠇㝵ẁ≧ % (n)  4.2 (1)  
 ⬚㦵ศ⠇஧ศ㦵໬ % (n)   2.5 (1) 
 ⭜᳝ᩘኚ␗ % (n) 4.4 (4)  – 
㸸ኚ␗࡞ࡋࠊ%㸸ྠ⭡ඣ༢఩ࡢᖹᆒ್ࠊ(n)㸸ኚ␗Ⓨ⏕⫾ඣᩘࠊ 
NE: ᮍほᐹ (2000ᖺࡼࡾุ᩿ᇶ‽ࡀ㐣๫⫘㦵࠿ࡽ▷ᑠ࠾ࡼࡧ᏶඲㐣๫⫘㦵࡟ኚ᭦ࡉࢀࡓࡓࡵ) 
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ࢧࣜࢻ࣐࢖ࢻヨ㦂࡛ࡳࡽࢀࡓᙧែ␗ᖖ࠾ࡼࡧኚ␗࡟㛵ࡍࡿ⪃ᐹ 
እ⾲ࠊෆ⮚࠾ࡼࡧ㦵᱁␗ᖖ࡞ࡽࡧ࡟ෆ⮚ኚ␗ࡢ⥲Ⓨ⏕㢖ᗘࡣࠊᡃࠎࡢ᪋タࡢ⫼ᬒࢹ࣮ࢱ࡟ẚ࡭࡚
㢧ⴭ࡟ቑຍࡋ࡚࠸ࡓࠋ␗ᖖࡢ✀㢮ẖࡢⓎ⏕㢖ᗘࡶࠊ୍㒊ࡢ౛እࢆ㝖࠸࡚ࠊྠ⛬ᗘ࡛࠶ࡗࡓࠋ2007
ᖺࡢヨ㦂࡟࠾࠸࡚␗ᖖᅇ㌿ᡭࡸḞᣦ࠾ࡼࡧ▷ᣦ(እ⾲␗ᖖ)ࠊ⫵୰㛫ⴥḞᦆ(ෆ⮚␗ᖖ)ࠊᶨ㦵ࡢḞᦆ
ࡸ▷ᑠ࠾ࡼࡧᣦ⠇㦵ࡢḞᦆ(㦵᱁␗ᖖ)ࡢⓎ⏕㢖ᗘࡣࠊ1988ᖺ࠾ࡼࡧ 1995ᖺࡢヨ㦂ࡼࡾࡶ࠿࡞ࡾ㧘
࠿ࡗࡓࠋࡇࢀࡽࡢᡤぢࡢほᐹ᪉ἲ࠾ࡼࡧᇶ‽ࡣࠊ3 ヨ㦂㛫࡛ኚ᭦ࡀ࡞ࡃࠊ2007 ᖺࡢヨ㦂࡟࠾ࡅࡿ
ࡇࢀࡽࡢᡤぢࡢቑຍࡣࠊࢧࣜࢻ࣐࢖ࢻࡢධᡭඛࡀ 1988ᖺ࠾ࡼࡧ 1995ᖺࡢヨ㦂࡛ࡣࢢࣜࣗࢿࣥࢱ
࣮ࣝ♫࡛࠶ࡾࠊ2007ᖺࡢヨ㦂࡛ࡣ࿴ග⣧⸆ᕤᴗ࡛࠶ࡿࡇ࡜ࡢ㐪࠸(໬ྜ≀ࡢ྾཰ᛶ࡟ᙳ㡪ࡍࡿ⣧ᗘ
ࡸ⢏Ꮚᚄ࡞࡝ࡢࢹ࣮ࢱࡣࠊ࠸ࡎࢀࡶᮍධᡭ)࡟㉳ᅉࡋࡓྍ⬟ᛶࡀ࠶ࡿࠋࡋ࠿ࡋ࡞ࡀࡽࠊእ⾲ࠊෆ⮚
࠾ࡼࡧ㦵᱁␗ᖖ࡟㛵ࡍࡿ⥲Ⓨ⏕㢖ᗘࡣ࡯ࡰྠ➼࡛࠶ࡾࠊྠ✀ࡢ␗ᖖ࠾ࡼࡧኚ␗ࡀ࠸ࡎࢀࡢヨ㦂࡛
ࡶほᐹࡉࢀ࡚࠸ࡿࡇ࡜࠿ࡽࠊࢧࣜࢻ࣐࢖ࢻࡢദወᙧᛶࢆ᳨ฟྍ⬟࠿࡝࠺࠿࡜࠸࠺ほⅬ࠿ࡽࡣࠊࡇ
ࢀࡽࡢⓎ⏕㢖ᗘࡢᕪࡣၥ㢟࡟ࡣ࡞ࡽ࡞࠸࡜ุ᩿ࡋࡓࠋ௚᪋タ࡛ᐇ᪋ࡉࢀࡓ JW ࢘ࢧࢠࡢ⬇࣭⫾ඣ
Ⓨ⏕ẘᛶヨ㦂ࡣᮏ◊✲࡜ྠࡌ 300 mg/kg ࡢࢧࣜࢻ࣐࢖ࢻࢆ⏝࠸࡚⾜ࢃࢀ࡚࠸ࡿࠋࡑࡢእ⾲␗ᖖࡢ
⥲Ⓨ⏕㢖ᗘࡣࠊ72.8% (44⫾ඣ୰ 32౛ࠋ⏕⏘⪅ࡢグ㍕↓ࡋࠋᢞ୚ᮇ㛫㸸ዷፎ 8-15᪥) (Ikedaࡽ 1965
ᖺ)ࠊ65.7% (35⫾ඣ୰ 23౛ࠋ⏕⏘⪅㸸ࢭࣈࣥ⏘ᴗᰴᘧ఍♫ࠊᢞ୚ᮇ㛫㸸ዷፎ 6-18᪥ࠊMatsubara
ࡽ 1983ᖺ)࠾ࡼࡧ 92.3% (52⫾ඣ୰ 48⫾ඣࠊ⏕⏘⪅㸸᪥ᮏ⏕≀⛉Ꮫ◊✲ᡤࠊ⣔⤫ྡ㸸JW-NIBSࠊ
ᢞ୚ᮇ㛫㸸ዷፎ 6-18᪥ࠊMatsubaraࡽ 1983ᖺ)࡛࠶ࡾࠊᡃࠎࡢ᪋タ࡛ᐇ᪋ࡋࡓ 3ヨ㦂ࡢⓎ⏕㢖ᗘ࡜
኱ᕪ࡞࠿ࡗࡓࠋࢧࣜࢻ࣐࢖ࢻ࡟ࡼࡿወᙧ࡜ࡋ࡚᭱ࡶ≉ᚩⓗ࡞๓⫥࠾ࡼࡧᚋ⫥ࡢ␗ᖖᅇ㌿ᡭࡢⓎ⏕
㢖ᗘࡣࠊᡃࠎࡀᐇ᪋ࡋࡓ 3ヨ㦂࡛ࡣࠊࡑࢀࡒࢀ 11.3-66.3%࠾ࡼࡧ 0.0-28.1%࡛࠶ࡾࠊᯇཎࡽࡢሗ࿌
(Matsubaraࡽ 1983ᖺ)࡛ࡣࠊ๓⫥࠾ࡼࡧᚋ⫥ወᙧࡢⓎ⏕㢖ᗘࡣࠊࢭࣈࣥ⏘ᴗᰴᘧ఍♫ࡢ JW⣔⤫࡛
ࡣࠊࡑࢀࡒࢀ 51.4% (๓⫥ᣊ⦰࡜ศ㢮ࡉࢀ࡚࠸ࡿ)࠾ࡼࡧ 28.6% (ෆ཯㊊࡜ศ㢮ࡉࢀ࡚࠸ࡿ)ࠊࡑࡋ࡚
JW-NIBS⣔⤫࡛ࡣ 9.6%࠾ࡼࡧ 34.6%࡛࠶ࡗࡓࠋKbl:JW⣔⤫࡜ࢭࣈࣥ⏘ᴗᰴᘧ఍♫ࡢ JW⣔⤫࡛ࡣࠊ
ྠᵝ࡟๓⫥ࡢ␗ᖖᅇ㌿ᡭࡢⓎ⏕㢖ᗘࡀᚋ⫥ࡼࡾࡶ㧗࠸ഴྥࡀࡳࡽࢀࡓࡀࠊJW-NIBS ⣔⤫࡛ࡣ㏫ࡢ
ഴྥࡀࡳࡽࢀࡓࠋྠࡌ JW ⣔⤫࡛ࡶ㛗ᮇ㣫⫱࡟ࡼࡾࢧࣜࢻ࣐࢖ࢻ࡟ᑐࡍࡿᛂ⟅ࡀኚ໬ࡋࡓྍ⬟ᛶ
ࡶ⪃࠼ࡽࢀࠊKbl:JW⣔⤫࡟ࡘ࠸࡚ࡶ⥅⥆ⓗ࡟ㄪᰝࡋ࡚࠸ࡃᚲせࡀ࠶ࡿࠋ
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2-1-4 ⤖ㄽ 
 
㐣ཤ 20ᖺ௨ୖ(1990~2010ᖺ)࡟ࢃࡓࡗ࡚⾜ࢃࢀࡓ Kbl:JW࢘ࢧࢠࢆ⏝࠸ࡓ⬇͌⫾ඣⓎ⏕ẘᛶヨ㦂
࡛ࡢᑐ↷⩌ࢹ࣮ࢱ࡟࠾ࡅࡿẕື≀ࡢ⏕Ṫࣃ࣓࣮ࣛࢱ࣮ࡸ⮬↛Ⓨ⏕ࡢᙧែኚ໬࡟ࡘ࠸࡚ゎᯒࡋࡓࠋ
ࡉࡽ࡟ࠊࢧࣜࢻ࣐࢖ࢻ࡟ࡼࡾ⫾ඣ࡟ㄏⓎࡉࢀࡿወᙧ࡟ࡘ࠸࡚ 1988ᖺࠊ1995ᖺࠊ2007ᖺ࡟ Kbl:JW
࢘ࢧࢠࢆ⏝࠸࡚ᐇ᪋ࡋࡓ 3 ヨ㦂ࡢࢹ࣮ࢱ࡟ࡘ࠸࡚ࡶゎᯒࡋࡓࠋࡑࡢ⤖ᯝࠊᑐ↷⩌ࡢ࢘ࢧࢠࡢ⏕Ṫ
ࣃ࣓࣮ࣛࢱ࣮ࡸ⫾ඣṚஸ⋡࡟ຍ࠼࡚ࠊ࡯࡜ࢇ࡝ࡢእᙧࠊෆⶶࠊ㦵᱁࡟㛵ࡍࡿ␗ᖖ࡜ኚ␗ࡢ✀㢮࡜
Ⓨ⏕㢖ᗘࡀ㛗ᮇⓗ࡟Ᏻᐃࡋ࡚࠸ࡿࡇ࡜ࡀุ᫂ࡋࡓࠋࡉࡽ࡟ࠊࢧࣜࢻ࣐࢖ࢻ࡟ࡼࡗ࡚ㄏⓎࡉࢀࡓወ
ᙧࡢ≉ᚩࡣ 3ヨ㦂࡛෌⌧ᛶࡀ࠶ࡗࡓࠋᚑࡗ࡚ࠊKbl:JW⣔⤫࢘ࢧࢠࡣ་⸆ရೃ⿵໬ྜ≀ࡢᙳ㡪ࢆホ
౯࡛ࡁࡿື≀ࡢ୍ࡘ࡛࠶ࡾࠊ≉࡟⮬↛Ⓨ⏕ࡢᙧែኚ໬࡜⸆≀ㄏⓎወᙧࡀ㛗ᮇ࡟ࢃࡓࡗ࡚Ᏻᐃ࡛࠶
ࡿ࡜࠸࠺ほⅬ࠿ࡽ⬇͌⫾ඣⓎ⏕ẘᛶヨ㦂࡟᭷⏝࡛࠶ࡿ࡜⤖ㄽࡋࡓࠋ 
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2-2 ࢧࣜࢻ࣐࢖ࢻࡢ࢘ࢧࢠ⬇࣭⫾ඣⓎ⏕࡬ࡢᙳ㡪㸸ᐇ㦂ື≀⣔⤫ࠊKbl:JW࡜ Kbl:NZW㛫ࡢ 
㐪࠸࡜ඹ㏻ᛶ 
 
་⸆ရ㛤Ⓨࡢࡓࡵࡢ⬇㺃⫾ඣⓎ⏕ẘᛶヨ㦂࡟ୡ⏺ⓗ࡟౑⏝ࡉࢀ࡚࠸ࡿ NZW ⣔⤫࡜᪥ᮏ࡛ NZW
࡜ඹ࡟౑⏝ࡉࢀ࡚࠸ࡿ JW ⣔⤫࡟࠾࠸࡚ࠊ⫾ඣࡢჾᐁᙧᡂᮇࢆ㏻ࡌ࡚ࢧࣜࢻ࣐࢖ࢻࢆᢞ୚ࡋࡓᐇ
㦂࠾ࡼࡧჾᐁᙧᡂᮇࢆศ๭ࡋ࡚ᢞ୚ࡋࡓᐇ㦂ࢆ⾜࠸ࠊ⬇࣭⫾ඣ࡬ࡢᙳ㡪ࢆㄪ࡭ࠊ⣔⤫㛫ࡢ㐪࠸࡜
ඹ㏻ᛶࢆẚ㍑᳨ウࡋࡓࠋ 
 
2-2-1 ⥴ゝ 
 
ࡇࢀࡲ࡛ࠊNZWࠊࢳࣥࢳࣛࠊJWࠊࣄ࣐ࣛࣖࣥ࠾ࡼࡧࢲࢵࢳ࡞࡝ࡢᵝࠎ࡞࢘ࢧࢠࡢ⣔⤫ࡸ㞧✀ࡀࠊ
ࢧࣜࢻ࣐࢖ࢻࡢദወᙧᛶホ౯࡟౑⏝ࡉࢀ࡚ࡁࡓ (Somers 1962ᖺ㺂Sellerࡽ 1962ᖺࠊDekker࠾ࡼࡧ
Mehrizi 1964ᖺࠊFabro࠾ࡼࡧ Smith 1966ᖺࠊIkedaࡽ 1965ᖺࠊSterzࡽ 1987ᖺࠊStaples࠾ࡼࡧ
Holtkamp 1963ᖺࠊHay 1964ᖺࠊIngallsࡽ 1964ᖺ)ࠋࡇࢀࡽࡢ୰࡛ୡ⏺ⓗ࡟ࡣࠊNZW࢘ࢧࢠࡀࢧ
ࣜࢻ࣐࢖ࢻࡢദወᙧᛶホ౯ࡢࡓࡵ࡟᭱ࡶࡼࡃ౑⏝ࡉࢀ࡚࠸ࡿࠋJW࢘ࢧࢠࡣᮏ㑥ࡢദወᙧᛶ◊✲࡟
࠾࠸࡚㢖⏝ࡉࢀࡿ⣔⤫ࡢ୍ࡘ࡛࠶ࡿࡀࠊࢧࣜࢻ࣐࢖ࢻࡢ Kbl:JW࢘ࢧࢠ⫾ඣ࡬ࡢᙳ㡪࡟㛵ࡍࡿヲ⣽
࡞ሗ࿌ࡣ࡞࠿ࡗࡓࠋ 
໬Ꮫ≀㉁࡟ࡼࡾㄏⓎࡉࢀࡿወᙧ࡟ࡣࠊ⣔⤫ᕪࡀࡳࡽࢀࡿࡇ࡜ࡀ࠶ࡾࠊ࠸ࡃࡘ࠿ࡢദወᙧᛶ≀㉁
࡟ࡘ࠸࡚ࡣࠊࡆࡗṑ㢮࡛ឤཷᛶࡢ⣔⤫ᕪࡀሗ࿌ࡉࢀ࡚࠸ࡿࠋ౛࠼ࡤࠊࢥࣝࢳࢰ࣮ࣝᢞ୚࡟ࡼࡿ࣐
࢘ࢫࡢཱྀ⵹⿣(Fraser࠾ࡼࡧ Fainstat 1951ᖺ)ࠊࣅࢱ࣑ࣥAᢞ୚࡟ࡼࡿࣛࢵࢺࡢወᙧ(Nolen 1969ᖺ)ࠊ
ࣅ࢜ࢳࣥ࡟ࡼࡿ࣐࢘ࢫࡢወᙧ(Watanabe ࠾ࡼࡧ Endo 1989 ᖺ)࠾ࡼࡧ඲ࢺࣛࣥࢫᆺࣞࢳࣀ࢖ࣥ㓟
(Collinsࡽ 2006ᖺ)࡟ࡼࡿ࣐࢘ࢫࡢወᙧ࡞࡝ࡀࠊࡑࡢ඾ᆺⓗ࡞஦౛࡛࠶ࡿࠋ࢘ࢧࢠ࡟࠾ࡅࡿࢧࣜࢻ
࣐࢖ࢻࡢദወᙧᛶࡢ⣔⤫ᕪࡣࠊNZWࠊNZW 㞧✀࠾ࡼࡧࢲࢵࢳ࢘ࢧࢠ(Sawin ࡽ 1965 ᖺ)࡟࠾ࡅࡿ
✀ࠎࡢወᙧࡸ JW(⏕⏘⪅㸸ࢭࣈࣥ⏘ᴗᰴᘧ఍♫)࠾ࡼࡧ JW-NIBS ࢘ࢧࢠ(⏕⏘⪅㸸᪥ᮏ⏕≀⛉Ꮫ◊
✲ᡤ)࡟࠾ࡅࡿ㢌㒊ࡢወᙧ࡟ࡘ࠸࡚ࡢሗ࿌ࡀ࠶ࡿ(Matsubara ࡽ 1983 ᖺ)ࠋࡋ࠿ࡋ࡞ࡀࡽࠊᡃࠎࡢ▱
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ࡿ㝈ࡾྠࠊ ୍ࡢヨ㦂᪋タ࡛ NZW࠾ࡼࡧ JW࢘ࢧࢠ⫾ඣ࡬ࡢࢧࣜࢻ࣐࢖ࢻࡢᙳ㡪ࢆ┤᥋ࠊẚ㍑ࡋࡓ
ሗ࿌ࡣ࡞࠸ࠋ 
ᮏ◊✲࡛ࡣࢧࣜࢻ࣐࢖ࢻࡢჾᐁᙧᡂᮇᢞ୚࡟ࡼࡾㄏⓎࡉࢀࡿ⫾ඣወᙧࡢ⣔⤫ᕪ࡟ࡘ࠸࡚ྠ୍ࡢ
⏕⏘⪅ࡢ 2 ⣔⤫(Kbl:JW ࠾ࡼࡧ Kbl:NZW)ࢆ⏝࠸ࡓ⬇࣭⫾ඣⓎ⏕ヨ㦂(EFD ヨ㦂㸸Embryo-Fetal 
Development study)ࡢ⤖ᯝࢆẚ㍑᳨ウࡋࡓࠋḟ࡟ࡇࢀࡽࡢ 2 ⣔⤫࡟࠾࠸࡚ࢧࣜࢻ࣐࢖ࢻࢆዷፎ 7-8
᪥ࠊ9-10᪥࠾ࡼࡧ 11-12᪥࡟ศ๭ࡋ࡚ᢞ୚ࡍࡿឤཷᮇ᳨ウヨ㦂(SPヨ㦂㸸Sensitive Period study)ࢆ
ᐇ᪋ࡋࠊࡑࢀࡒࢀࡢᢞ୚ᮇ㛫ẖ࡟ㄏⓎࡉࢀࡓወᙧࡢ✀㢮ࢆẚ㍑ࡋࡓࠋ 
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2-2-2 ᐇ㦂᪉ἲ 
 
ື≀࠾ࡼࡧ㣫⫱᮲௳ 
஺㓄῭ࡳࡢ Kbl:JW࠾ࡼࡧ Kbl:NZW㞤࢘ࢧࢠࢆ໭ᒣࣛ࣋ࢫᰴᘧ఍♫࠿ࡽ㉎ධࡋࡓࠋ஺㓄ࡣ⏕⏘
⪅ࡀ༗๓୰࡟Ⓨ᝟ᮇࡢᮍ⤒⏘㞤࡜㞝ࢆ୍ᑐ୍࡛ྠᒃࡉࡏ࡚ᐇ᪋ࡋࡓࠋ஺ᑿ☜ㄆ᪥ࢆዷፎ 0 ᪥࡜ᐃ
⩏ࡋࡓࠋ◊✲ᡤ࡟฿╔ࡢ᫬Ⅼ࡛㞤ື≀ࡢ㐌㱋ࡣ 16-18ࠊዷፎ᪥㱋ࡣ 1ࡲࡓࡣ 2᪥࡛࠶ࡗࡓࠋ 
ື≀ࡣྞࠊ ࡾୗࡆᆺࡢ㔠ᒓ〇⥙ᗏࢣ࣮ࢪࢆ⏝࠸࡚ື≀ᐊ࡛ಶู࡟㣫⫱ࡋࡓࠋᐊ ࡣ 20-26Υࠊ┦
ᑐ‵ᗘࡣ 40-80㸣ࠊ᥮Ẽᅇᩘࡣ 1᫬㛫ᙜࡓࡾ 8-25ᅇࠊ↷᫂࿘ᮇ(12᫬㛫)ࡣ 7:00-19:00(᫂ᮇ)࡟タᐃ
ࡋࡓࠋື≀࡟ࡣỈ㐨Ỉ࠾ࡼࡧᐇ㦂ື≀⏝㣫ᩱ(LRC4ࠊ࢚࢜ࣜࣥࢱࣝ㓝ẕᰴᘧ఍♫〇㐀ࠊ࣐࢞ࣥ⥺
⁛⳦῭)ࢆ⮬⏤࡟ᦤྲྀࡉࡏࡓࠋ 
 
ࢧࣜࢻ࣐࢖ࢻ࠾ࡼࡧᢞ୚᪉ἲ 
ࢧࣜࢻ࣐࢖ࢻࡣ࿴ග⣧⸆ᕤᴗᰴᘧ఍♫࠿ࡽ㉎ධࡋࡓ(⣧ᗘ㸸98.0%௨ୖ)ࠋࢧࣜࢻ࣐࢖ࢻࡣࠊ0.5 
w/v%࣓ࢳࣝࢭ࣮ࣝࣟࢫ⁐ᾮ࡟ᠱ⃮ࡋࠊ༗๓୰࡟ 1᪥ 1ᅇࠊ⤒ཱྀᢞ୚ࡋࡓࠋᢞ୚ᾮ㔞ࡣࠊዷፎ 6᪥
ࡢయ㔜࡟ᇶ࡙࠸࡚⟬ฟࡋࡓࠋᑐ↷ື≀࡟ࡣࠊ0.5 w/v%࣓ࢳࣝࢭ࣮ࣝࣟࢫ⁐ᾮࢆྠᵝࡢ᪉ἲ࡛ᢞ୚
ࡋࡓࠋ 
 
ᢞ୚㔞࠾ࡼࡧᢞ୚ᮇ㛫 
1988ᖺ࡜ 1995ᖺࡢ⬇࣭⫾ඣⓎ⏕ẘᛶヨ㦂࡛ࠊࡑࢀࡒࢀዷፎ 6-18᪥࠾ࡼࡧ 7-15᪥࡟ 300 mg/kg
ࡢࢧࣜࢻ࣐࢖ࢻࢆ⤒ཱྀᢞ୚ࡋࡓ࡜ࡇࢁࠊ␗ᖖᅇ㌿ᡭࢆྵࡴ✀ࠎࡢወᙧࡀ෌⌧ᛶࢆకࡗ࡚ㄏⓎࡉࢀ
ࡓ(Table 2-1-10㹼13)ࠋᚑࡗ࡚ࠊEFDヨ㦂࡟࠾ࡅࡿ Kbl:JW࠾ࡼࡧ Kbl:NZW࢘ࢧࢠ࡬ࡢᢞ୚㔞ࡶ 300 
mg/kg࡟タᐃࡋࡓࠋ 
SP ヨ㦂ࡢࢧࣜࢻ࣐࢖ࢻࡢᢞ୚㔞࡜ࡋ࡚ࠊKbl:JW ࢘ࢧࢠ࡟ࡣ 50ࠊ150 ࠾ࡼࡧ 300 mg/kg ࢆࠊ
Kbl:NZW࢘ࢧࢠ࡟ࡣ 150࠾ࡼࡧ 300 mg/kgࢆタᐃࡋࡓࠋ㧗⏝㔞ࡣ EFDヨ㦂࡜ྠࡌ 300 mg/kgࢆࠊ
Kbl:JW࢘ࢧࢠࡢప࠾ࡼࡧ୰⏝㔞ࡣࠊ50ࠊ100࠾ࡼࡧ 150 mg/kgࢆᢞ୚ࡋࡓணഛⓗ࡞ EFDヨ㦂࡛඲
 48 
 
࡚ࡢᢞ୚㔞࡛␗ᖖᅇ㌿ᡭࡀほᐹࡉࢀࡓ (Ⓨ⏕㢖ᗘ㸸ྛࠎ8.3ࠊ3.1 ࠾ࡼࡧ 36.0%ࠊࢹ࣮ࢱᥦ♧ࡏࡎ)
ࡇ࡜࠿ࡽࠊ50࠾ࡼࡧ 150 mg/kgࢆタᐃࡋࡓࠋKbl:JW࢘ࢧࢠࡢ SPヨ㦂࡟࠾ࡅࡿ 50 mg/kg⩌࡛␗ᖖ
ᅇ㌿ᡭࡀㄏⓎࡉࢀ࡞࠿ࡗࡓࡇ࡜࠿ࡽࠊKbl:NZW࢘ࢧࢠࡢSPヨ㦂࡛ࡣ50 mg/kgࢆタᐃࡋ࡞࠿ࡗࡓࠋ
EFD ヨ㦂࡟࠾࠸࡚ᵝࠎ࡞ወᙧࡀዷፎ 7-15 ᪥ࡢᢞ୚࡛ㄏⓎࡉࢀࡓࡇ࡜࠿ࡽࠊSP ヨ㦂࡛ࡣࡇࢀࡽࡢ
ወᙧࡢឤཷᮇࢆ᳨ウࡍࡿࡓࡵ࡟ࠊᢞ୚ᮇ㛫ࢆዷፎ 7-8ࠊ9-10࠾ࡼࡧ 11-12᪥࡟タᐃࡋࡓࠋ 
 
ẕື≀ࡢほᐹࠊ๗᳨࠾ࡼࡧ⫾ඣࡢホ౯ 
ࡍ࡭࡚ࡢື≀ࡣࠊධᡭᚋ࠿ࡽ๗᳨ࡲ࡛ࡢ㛫ࠊ⏕Ṛ࡜እほࡸ⾜ື࡞࡝ࡢ≧ែࢆẖ᪥ほᐹࡋࡓࠋዷ
ፎ 28 ᪥࡟ࢳ࢜࣌ࣥࢱ࣮ࣝࢼࢺ࣒ࣜ࢘⁐ᾮ࡟ࡼࡿ㐣㯞㓉࡛ᏳᴦṚࡉࡏࡓᚋࠊ๗᳨ࢆ⾜࠸ࠊ╔ᗋᩘࠊ
Ṛஸ⬇㸭⫾ඣᩘ(྾཰⬇ࠊ⫾┙㑇ṧ࠾ࡼࡧṚஸ⫾ඣ)࡞ࡽࡧ࡟⏕Ꮡඣᩘࢆィᩘࡋࡓࠋ⏕Ꮡඣࡣᛶูࢆ
ㄪ࡭ࠊእ⾲␗ᖖ࡞ࡽࡧ࡟ෆ⮚␗ᖖ࠾ࡼࡧኚ␗ࢆほᐹࡋࡓࠋḟ࡟ෆ⮚ࢆ᦬ฟࡋࠊ10 vol%୰ᛶ⦆⾪࣍
࣐ࣝࣜࣥᾮ࡛ᅛᐃᚋࠊᚰ⮚࠾ࡼࡧ⭈⮚ࡢ␗ᖖ࠾ࡼࡧኚ␗ࢆほᐹࡋࡓࠋෆ⮚ࢆ᦬ฟࡋࡓ⫾ඣࡣࠊ95 
vol%ࡢ࢚ࢱࣀ࣮࡛ࣝᅛᐃࡋࠊDawsonࡢኚἲ(Dawson 1926ᖺ)࡟ࡼࡿ࢔ࣜࢨࣜࣥࣞࢵࢻ SᰁⰍᶆᮏ
ࢆస〇ࡋࠊ㦵᱁␗ᖖ࠾ࡼࡧኚ␗ࢆㄪ࡭ࡓࠋ 
 
⾑₢୰⸆≀⃰ᗘ ᐃ 
࣊ࣃࣜࣥࢆῧຍࡋࡓὀᑕ⟄࡛⾑ᾮࢧࣥࣉࣝ(⣙ 0.5 mL)ࢆ஺ᑿ☜ㄆ㞤ࡢ⪥௓㟼⬦࠿ࡽࠊྛᢞ୚ᮇ
㛫ࡢᢞ୚ึ᪥(ዷፎ 7ࠊ9࠾ࡼࡧ 11᪥)ࡢᢞ୚ 0.5ࠊ1ࠊ2ࠊ4ࠊ8࠾ࡼࡧ 24᫬㛫ᚋ࡟᥇⾑ࡋࡓࠋ⾑ᾮ
ࡣࠊ෭༷ୗ࡛㐲ᚰࡋࠊ⾑₢ࢆ᥇ྲྀࡋࡓࠋྛᢞ୚⩌ࡢ᥇⾑࣏࢖ࣥࢺẖ࡟ 3-5 ༉ࡢẕື≀࠿ࡽ᥇ྲྀࡋ
ࡓ⾑₢୰ࡢࢧࣜࢻ࣐࢖ࢻࡢ⃰ᗘࢆࠊ㧗㏿ᾮయࢡ࣐ࣟࢺࢢࣛࣇ࢕࣮ࢆ౑⏝ࡋ࡚ UV ᳨࡛ฟࡋࡓࠋ᪉
ἲࡢヲ⣽࠾ࡼࡧ ᐃ᮲௳ࡣ௨ୗࡢ㏻ࡾ㸹㓟ᛶ⾑₢(60 μL)ࢆ࣐࢖ࢡࣟࢳ࣮ࣗࣈ࡟ධࢀࠊ10 μLࡢ࢔
ࢭࢺࢽࢺࣜࣝࢆῧຍࡋࡓ(᳨㔞⥺సᡂ⏝ヨᩱ࡟ࡶᶆ‽⁐ᾮ࡜ࡋ࡚ 10 μLࡢ࢔ࢭࢺࢽࢺࣜࣝࢆῧຍ)ࠋ
㝖⺮ⓑࡢࡓࡵࠊࡉࡽ࡟ 150 μLࡢ࢔ࢭࢺࢽࢺࣜࣝࢆຍ࠼ࠊ30⛊㛫ᨩᢾࡋࡓࠋ10Υࠊ1,500 rpm࡛ 5
ศ㛫㐲ᚰࡋࡓᚋࠊ100 μLࡢୖΎࢆูࡢ࣐࢖ࢡࣟࢳ࣮ࣗࣈ࡟⛣ࡋࡓࠋ300 ȝLࡢ 0.01 mol/L㓑㓟࢔ࣥ
ࣔࢽ࣒࢘ (pH 5.4)ࢆຍ࠼࡚ᨩᢾࡋࡓᚋࠊ100 ȝLࢆ HPLC࡟ὀධࡋࡓࠋศ㞳࡟ࡣ L࣒࢝ࣛ(4.6 x 250 
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mm, I.D., CERI)࡜ 0.01 mol/L㓑㓟࢔ࣥࣔࢽ࣒࢘ (pH 5.4)-࢔ࢭࢺࢽࢺࣜࣝ (75:25, v/v)࠿ࡽ࡞ࡿᐃ⤌
ᡂࡢ⛣ື┦ࢆ౑⏝ࡋࠊὶ㏿ࡣẖศ 1.0 mL࡛ᐇ᪋ࡋࡓࠋ࣒࢝ࣛࡢ ᗘࡣ 40Υ࡟⥔ᣢࡋࡓࠋಖᣢ᫬㛫
ࡣ⣙ 9ศ࡛࠶ࡗࡓࠋᮏἲࡢᐃ㔞㝈⏺ࡣࠊ0.05 ȝg/mL࡛࠶ࡾࠊ60 ȝg/mLࡢ㓟ᛶ⾑₢ࢧࣥࣉࣝ౑⏝᫬
ࡢ᳨㔞⥺⠊ᅖࡣ 0.05࠿ࡽ 20 ȝg/mL࡛࠶ࡗࡓࠋ 
 
ື≀೔⌮ 
ᮏᐇ㦂ࡣࠊṊ⏣⸆ရࡢᐇ㦂ື≀೔⌮ጤဨ఍ࡢᢎㄆࢆཷࡅࡓࠋ 
 
⤫ィฎ⌮ 
EFD ヨ㦂㸸Kbl:JW ࢘ࢧࢠࡣᑐ↷⩌ࢆタᐃࡋ࡚࠾ࡽࡎࠊKbl:NZW ࢘ࢧࢠࡢᑐ↷⩌ࡢື≀ᩘࡣᴟ
ࡵ࡚ᑡ࡞࠿ࡗࡓ(2༉)ࡓࡵࠊ⤫ィฎ⌮ࡣᐇ᪋ࡋ࡞࠿ࡗࡓࠋ 
SPヨ㦂㸸඲࡚ࡢ⤫ィฎ⌮ࡣࠊ⣔⤫ẖ࡟ 1⩌ࢆᑐ↷⩌࡜ᐃ⩏ࡋࠊࡑࡢࢹ࣮ࢱࢆᢞ୚ᮇ㛫ẖ࡟ᢞ୚
⩌࡜ẚ㍑ࡋࡓ[Kbl:JW࢘ࢧࢠࡢ SPヨ㦂࡛ࡣ 1⩌࡜ 2-4⩌(ዷፎ 7-8᪥ᢞ୚)ࠊ5-7⩌(ዷፎ 9-10᪥ᢞ
୚)ࡲࡓࡣ 8-10⩌(ዷፎ 11-12᪥ᢞ୚)ࠊKbl:NZW࢘ࢧࢠࡢ SPヨ㦂࡛ࡣ 1⩌࡜ 2-3⩌(ዷፎ 7-8᪥ᢞ
୚)ࠊ4-5⩌(ዷፎ 9-10᪥ᢞ୚)ࡲࡓࡣ 6-7⩌(ዷፎ 11-12᪥ᢞ୚)ࢆẚ㍑]ࠋ 
ẕື≀䛾ὶ⏘䛚䜘䜃᪩⏘ᩘ䛾ィᩘ䝕䞊䝍䛻䛴䛔䛶䛿䚸Fisher 䛾ṇ☜᳨ᐃ(Siegel 1956 ᖺ)䜢ᐇ᪋䛧䚸
ᑐ↷⩌䛸ྛᢞ୚⩌䜢ẚ㍑䛧䛯䚹 
╔ᗋ๓⬇Ṛஸ⋡ࠊ╔ᗋᚋ⬇࣭⫾ඣṚஸ⋡ࠊ⫾ඣࡢእ⾲␗ᖖࠊෆ⮚࠾ࡼࡧ㦵᱁␗ᖖ࠾ࡼࡧኚ␗ࡢ
Ⓨ⏕㢖ᗘ࡟ࡘ࠸࡚ࡣࠊẕື≀ẖࡢⓎ⏕㢖ᗘࢆ 1 ᐃ༢఩࡜ࡋ࡚㡰఩ኚ᥮ࡋࠊShirley-Williams᳨ᐃ
(Shirley 1977ᖺࠊWilliams 1986ᖺ)࡟ࡼࡾ⏝㔞཯ᛂ㛵ಀࡢ༢ㄪᛶࡢホ౯࠾ࡼࡧ↓ẘᛶ㔞ࡢ᳨ウࢆ⾜
ࡗࡓࠋShirley-Williams ᳨ᐃ࡛᭷ព࡛࡞࠸ሙྜ࡟ࡣࠊᑐ↷⩌࡜ྛᢞ୚⩌࡜ࡢᖹᆒ㡰఩ࡢᕪ࡟ࡘ࠸࡚
㡰఩࡟ᇶ࡙ࡃ Steel᳨ᐃ(Steel 1959ᖺ)ࢆᐇ᪋ࡋࡓࠋ 
⏕Ꮡඣᩘ࠾ࡼࡧṚஸ⬇㸭⫾ඣᩘ(྾཰⬇ࠊ⫾┙㑇ṧ࠾ࡼࡧṚஸ⫾ඣ)࡞ࡽࡧ࡟ᛶẚ࡟㛵ࡍࡿẕື
≀ẖࡢᖹᆒ್ࢆక࠺㛫㝸ᑻᗘࢹ࣮ࢱ࡟ࡘ࠸࡚ࡣࠊẕື≀ẖ࡟ᚓࡽࢀࡓ್ࢆ㸯 ᐃ༢఩࡜ࡋ࡚ࠊ
Bartlett᳨ᐃ(Snedecor࠾ࡼࡧ Cochran 1980ᖺ)࡟ࡼࡾྛ⩌ࡢศᩓࡢ୍ᵝᛶࡢ᳨ᐃࢆ⾜ࡗࡓࠋࡑࡢ⤖
 50 
 
ᯝࠊ➼ศᩓࡢሙྜ࡟ࡣࠊWilliams᳨ᐃ(Williams 1972ᖺ)࡟ࡼࡾ⏝㔞཯ᛂ㛵ಀࡢ༢ㄪᛶࡢホ౯࠾ࡼࡧ
↓ẘᛶ㔞ࡢ᳨ウࢆ⾜࠸ࠊWilliams ᳨ᐃ࡛᭷ព࡛࡞࠸ሙྜ࡟ࡣࠊDunnett ᳨ᐃ(Dunnett 1955 ᖺ)ࢆ⏝
࠸࡚ᑐ↷⩌࡜ྛᢞ୚⩌࡜ࡢᖹᆒ್ࡢᕪࡢ᳨ᐃࢆ⾜ࡗࡓࠋ୙➼ศᩓࡢሙྜ࡟ࡣࠊShirley-Williams ᳨
ᐃ(Shirley 1977ᖺࠊWilliams 1986ᖺ)࡟ࡼࡾ⏝㔞཯ᛂ㛵ಀࡢ༢ㄪᛶࡢホ౯࠾ࡼࡧ↓ẘᛶ㔞ࡢ᳨ウࢆ
⾜࠸ࠊShirley-Williams ᳨ᐃ࡛᭷ព࡛࡞࠸ሙྜ࡟ࡣࠊᑐ↷⩌࡜ྛᢞ୚⩌࡜ࡢᖹᆒ㡰఩ࡢᕪ࡟ࡘ࠸࡚
㡰఩࡟ᇶ࡙ࡃSteel᳨ᐃ(Steel 1959ᖺ)ࢆᐇ᪋ࡋࡓ᳨ࠋ ᐃࡢ᭷ពỈ‽࡟ࡘ࠸࡚ࡣࠊBartlett᳨ᐃࡣ5 %ࠊ
Williams᳨ᐃ࠾ࡼࡧ Shirley-Williams᳨ᐃࡣ୧ഃ 5%ࠊࡑࡢ௚ࡢ᳨ᐃࡣ୧ഃ 5 %࠾ࡼࡧ 1 %࡜ࡋࡓࠋ
Dunnett᳨ᐃࠊSteel᳨ᐃࠊWilliams᳨ᐃ࠾ࡼࡧ Shirley-Williams᳨ᐃ࡟ࡣࠊ⤫ィࣃࢵࢣ࣮ࢪ SASࡢ
PROBMC㛵ᩘ(SAS Institute Inc. 1996ᖺ)ࢆ౑⏝ࡋࡓࠋ⾑₢୰⸆≀⃰ᗘ࡟ࡘ࠸࡚ࡣ⤫ィᏛⓗゎᯒࢆ
⾜ࢃ࡞࠿ࡗࡓࠋ 
 51 
 
2-2-3 ⤖ᯝ 
 
ẕẘᛶ 
EFD ࠾ࡼࡧ SP ヨ㦂࡟࠾࠸࡚ࠊὶ⏘ࢆ㝖࠸࡚ࠊṚஸࠊᢞ⸆ᚋࡢእほࡸ⾜ື࡞࡝ࡢ≧ែࠊయ㔜࠾
ࡼࡧ๗᳨ᡤぢ࡞࡝ࡢẕẘᛶࡣࠊྠ୍ࡢᢞ୚㔞࠾ࡼࡧᢞ୚ᮇ㛫ࡢሙྜࠊ୧⣔⤫࡟ࡘ࠸࡚ྠ➼࡛࠶ࡗ
ࡓ(ࢹ࣮ࢱᥦ♧ࡏࡎ)ࠋSPヨ㦂࡛⏝࠸ࡓዷፎ 7-8᪥ࡢ 300 mg/kgᢞ୚⩌࡛ࡢὶ⏘ࡣࠊKbl:JW࠾ࡼࡧ
Kbl:NZW⣔⤫࡟࠾࠸࡚ࠊࡑࢀࡒࢀ 0࠾ࡼࡧ 3౛࡛࠶ࡗࡓ(Table 2-2-2)ࠋࡋ࠿ࡋ࡞ࡀࡽ SPヨ㦂ࡼࡾ
ࡶ㛗࠸ᮇ㛫ᢞ୚ࡋࠊࢧࣜࢻ࣐࢖ࢻࡢᙳ㡪ࡀࡼࡾᙉ࠸࡜⪃࠼ࡽࢀࡿ EFDヨ㦂࡟࠾ࡅࡿὶ⏘ࡣ୧⣔⤫
࡜ࡶඹ࡟ 1౛࡛࠶ࡾ(Table 2-2-1)ࠊSPヨ㦂࡟࠾ࡅࡿὶ⏘ື≀ᩘࡢ㐪࠸ࡣࠊᮏ㉁ⓗ࡞⣔⤫ᕪࢆ♧ࡍࡶ
ࡢ࡛ࡣ࡞࠸࡜⪃࠼ࡽࢀࡓࠋ 
 
⫾ඣṚஸ 
EFD ヨ㦂࡛ࡣ୧⣔⤫࡜ࡶ╔ᗋᚋṚஸ⋡࠾ࡼࡧ⫾┙㑇ṧᩘࡀቑຍࡋࠊ⏕Ꮡඣᩘࡀపୗࡋࡓࡀࠊ
Kbl:NZW⣔⤫ࡢ⫾ඣࡢṚஸ⋡ࡣࠊKbl:JW⣔⤫ࡼࡾࡶ㧗࠿ࡗࡓ(Table 2-2-1)ࠋSPヨ㦂࡛ࡣࠊྠᵝ࡟
Ṛஸ⋡ࡢ㧗್ഴྥࡀዷፎ 7-8᪥ࡢ 300 mg/kgᢞ୚⩌ࡢ Kbl:NZW⣔⤫࡛ㄆࡵࡽࢀࡓࡀࠊዷፎ 9-10࠾
ࡼࡧ 11-12᪥ࡢᢞ୚⩌࡟ࡣࠊࡑࡢࡼ࠺࡞ഴྥࡣࡳࡽࢀ࡞࠿ࡗࡓ (Table 2-2-2)ࠋ 
 
Table 2-2-1 EFDヨ㦂㸸⫾ඣṚஸ㛵㐃ࣃ࣓࣮ࣛࢱ࣮ 
⣔⤫ Kbl:JW Kbl:NZW 
⩌ ᑐ↷† ࢧࣜࢻ࣐࢖ࢻ‡ ᑐ↷ ࢧࣜࢻ࣐࢖ࢻ 
ᢞ୚㔞 (mg/kg/᪥) 0 300 0 300 
ዷፎື≀ᩘ 56 5 2 7 
ὶ⏘ື≀ᩘ 0 1 0 1 
⏕Ꮡ⫾ඣᩘ(⥲ᩘ) 3955 28 19 20 
╔ᗋᚋṚஸ⋡ (%)§ 4.510.4 31.0±19.8 9.1±12.9 60.5±23.7 
Ṛஸ⬇㺃⫾ඣᩘ     
྾཰⬇ᩘ§ 0.0 0.0±0.0 0.0±0.0 0.0±0.0 
⫾┙㑇ṧᩘ§ 0.20.8 2.0±0.8 0.5±0.7 4.3±1.9 
Ṛஸ⫾ඣᩘ§ 0.00.4 0.5±0.6 0.5±0.7 0.3±0.5 
⏕Ꮡ⫾ඣᩘ(ᖹᆒ್)§ 7.29.2 7.0±3.5 9.5±0.7 3.3±2.5 
EFD㸸⬇࣭⫾ඣⓎ⏕ࠊ†㸸ࢧࣜࢻ࣐࢖ࢻࡢ⬇࣭⫾ඣⓎ⏕ẘᛶヨ㦂࡜ྠᖺ࡟ᐇ᪋ࡉࢀࡓ5ࡘࡢEFDヨ㦂ࡢ᭱ᑠ㸫᭱኱್ࠊ 
‡㸸➨2❶2-1ࡢ2007ᖺࡢヨ㦂ࡢࢹ࣮ࢱࠊ§㸸Kbl:JWࡢᑐ↷(᭱ᑠ㸫᭱኱)ࢹ࣮ࢱࢆ㝖ࡁྠ⭡ඣ༢఩ࡢᖹᆒ್±ᶆ‽೫ᕪ 
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Table 2-2-2 SPヨ㦂㸸⫾ඣṚஸ㛵㐃ࣃ࣓࣮ࣛࢱ࣮ 
⣔⤫ Kbl:JW Kbl:NZW 
⩌ ᑐ↷ ࢧࣜࢻ࣐࢖ࢻ ᑐ↷ ࢧࣜࢻ࣐࢖ࢻ 
ᢞ୚㔞 (mg/kg/᪥) 0 50 150 300 0 150 300 
ᢞ୚ᮇ㛫 ዷፎ 712᪥ ዷፎ 78᪥ ዷፎ 712᪥ ዷፎ 78᪥ 
ዷፎື≀ᩘ 5 5 5 5 6 5 8 
ὶ⏘ື≀ᩘ 0 0 0 0 1 0 3 
᪩⏘ື≀ᩘ 0 0 0 0 1 0 0 
⏕Ꮡ⫾ඣᩘ(⥲ᩘ) 39 35 37 40 42 39 31 
╔ᗋᚋṚஸ⋡ (%)§ 4.7±6.5 7.8±8.3 17.2±15.5 17.9±23.7 2.5r5.0 12.7r19.9 35.0r30.4 
Ṛஸ⬇㺃⫾ඣᩘ        
྾཰⬇ᩘ§ 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 
⫾┙㑇ṧᩘ§ 0.4±0.5 0.4±0.9 1.0±1.0 1.2±1.3 0.3±0.5 0.8±1.3 3.2±3.7 
Ṛஸ⫾ඣᩘ§ 0.0±0.0 0.4±0.5 0.2±0.4 0.4±0.9 0.0±0.0 0.6±0.9 0.2±0.4 
⏕Ꮡ⫾ඣᩘ(ᖹᆒ್)§ 7.8±0.8 7.0±2.9 7.4±3.0 8.0±3.1 10.5r2.4 7.8r2.7 6.2r3.3 
ᢞ୚ᮇ㛫 ዷፎ 712᪥ ዷፎ 910᪥ ዷፎ 712᪥ ዷፎ 910᪥ 
ዷፎື≀ᩘ 5 4 4 5 6 4 5 
ὶ⏘ື≀ᩘ 0 0 0 0 1 0 0 
᪩⏘ື≀ᩘ 0 0 0 0 1 0 0 
⏕Ꮡ⫾ඣᩘ(⥲ᩘ) 39 30 26 34 42 31 40 
╔ᗋᚋṚஸ⋡ (%)§ 4.7±6.5 0.0±0.0 5.6±6.6 7.1±6.7 2.5r5.0 6.3r12.5 15.8r11.4 
Ṛஸ⬇㺃⫾ඣᩘ        
྾཰⬇ᩘ§ 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 
⫾┙㑇ṧᩘ§ 0.4±0.5 0.0±0.0 0.3±0.5 0.4±0.5 0.3±0.5 0.3±0.5 0.4±0.9 
Ṛஸ⫾ඣᩘ§ 0.0±0.0 0.0±0.0 0.3±0.5 0.2±0.4 0.0±0.0 0.3±0.5 1.0±1.2 
⏕Ꮡ⫾ඣᩘ(ᖹᆒ್)§ 7.8±0.8 7.5±3.1 6.5±1.9 6.8±2.9 10.5r2.4 7.8r2.2 8.0r2.7 
ᢞ୚ᮇ㛫 ዷፎ 712᪥ ዷፎ 1112᪥ ዷፎ 712᪥ ዷፎ 1112᪥ 
ዷፎື≀ᩘ 5 5 4 4 6 5 4 
ὶ⏘ື≀ᩘ 0 0 0 0 1 0 0 
᪩⏘ື≀ᩘ 0 0 0 0 1 0 0 
⏕Ꮡ⫾ඣᩘ(⥲ᩘ) 39 46 34 34 42 48 39 
╔ᗋᚋṚஸ⋡ (%)§ 4.7±6.5 7.7±7.8 0.0±0.0 6.3±7.4 2.5r5.0 4.0r5.6 15.0r19.1 
Ṛஸ⬇㺃⫾ඣᩘ        
྾཰⬇ᩘ§ 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 
⫾┙㑇ṧᩘ§ 0.4±0.5 0.2±0.4 0.0±0.0 0.3±0.5 0.3±0.5 0.4±0.5 1.0±1.2 
Ṛஸ⫾ඣᩘ§ 0.0±0.0 0.6±0.9 0.0±0.0 0.3±0.5 0.0±0.0 0.0±0.0 0.0±0.0 
⏕Ꮡ⫾ඣᩘ(ᖹᆒ್)§ 7.8±0.8 9.2±2.2 8.5±3.1 8.5±1.9 10.5r2.4 9.6r1.1 9.8r5.9 
SP㸸ឤཷᮇࠊ§㸸ྠ⭡ඣ༢఩ࡢᖹᆒ್±ᶆ‽೫ᕪ 
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⫾ඣእ⾲␗ᖖ 
ወᙧࡣ୧⣔⤫࡜ࡶ୺࡟㢌㒊ࠊᅄ⫥࠾ࡼࡧᑿ࡛Ⓨ⏕ࡋࡓࠋEFDヨ㦂࡟࠾࠸࡚ࡣࠊKbl:JW⣔⤫࡛㢌
㒊ወᙧ࡜ࡋ࡚⚄⤒⟶Ḟᦆ⑕࡛࠶ࡿእ⬻࠾ࡼࡧ㧊⭷⬻⒗ࡀࠊ Kbl:NZW ⣔⤫࡛║㒊㝯㉳ᡥᖹ࠾ࡼࡧ
ᑠ㢡ࡀࡳࡽࢀࡓ(Table 2-2-3)ࠋSPヨ㦂࡛ࡣ⚄⤒⟶Ḟᦆ⑕(↓⬻ࠊ㧊⭷⬻⒗࡜㧊⭷⒗)ࡀࠊዷፎ 7-8᪥
ࡢ Kbl:JW࢘ࢧࢠࡢ 150࠾ࡼࡧ 300 mg/kgᢞ୚⩌࡞ࡽࡧ࡟ Kbl:NZW࢘ࢧࢠࡢ 300 mg/kgᢞ୚⩌࡛
ࡳࡽࢀࡓ(Table 2-2-4)ࠋEFDヨ㦂࡛ほᐹࡉࢀࡓᅄ⫥ወᙧ࡟ࡣࠊ␗ᖖᅇ㌿ᡭࠊḞᣦࠊከᣦࠊ▷ᣦࡸᣦ
ᙧែ␗ᖖ࡞࡝ࡀྵࡲࢀࠊࡇࢀࡽࡣ SP ヨ㦂ࡢዷፎ 9-10 ᪥ᢞ୚⩌࡟࠾࠸࡚୧⣔⤫࡛ほᐹࡉࢀࡓࠋ
Kbl:JW⣔⤫࡛ࡣ๓⫥ࡢ␗ᖖᅇ㌿ᡭࡢⓎ⏕㢖ᗘࡀᚋ⫥࡛ࡢⓎ⏕㢖ᗘࡼࡾࡶ㧗࠿ࡗࡓࡀࠊKbl:NZW⣔
⤫࡛ࡣ EFD࠾ࡼࡧ SPヨ㦂ࡢ࠸ࡎࢀࡶⓎ⏕㢖ᗘࡣ๓⫥࡜ᚋ⫥࡛ྠ➼࡛࠶ࡗࡓࠋᣦወᙧࡢⓎ⏕㢖ᗘ
ࡣࠊEFD ヨ㦂࡛ࡣ୧⣔⤫࡛ྠ➼࡛࠶ࡗࡓࡀࠊSP ヨ㦂ࡢ 300 mg/kg ⩌࡛ࡣࠊKbl:JW ⣔⤫ࡢ᪉ࡀ
Kbl:NZW⣔⤫ࡼࡾࡶ㧗࠿ࡗࡓࠋ୧⣔⤫࡟࠾ࡅࡿᑿࡢወᙧࡢ୺せ࡞✀㢮ࡣࠊ▷ᑿ࡛࠶ࡗࡓࠋSPヨ㦂
࡛ࡣࠊ୧⣔⤫࡜ࡶ▷ᑿࡣ୺࡟ዷፎ 9-10 ᪥ᢞ୚⩌࡟ࡳࡽࢀࠊKbl:JW ⣔⤫࡛ࡢⓎ⏕㢖ᗘࡣࠊEFD ࠾
ࡼࡧ SPヨ㦂ࡢ࠸ࡎࢀࡶ Kbl:NZW⣔⤫ࡼࡾࡶ㧗࠿ࡗࡓࠋዷፎ 11-12᪥ᢞ୚⩌ࡣࠊ࠸ࡎࢀࡢ⣔⤫࡟
ࡶእ⾲ወᙧࡣࡳࡽࢀ࡞࠿ࡗࡓࠋSPヨ㦂ࡢྛᢞ୚㔞࡟࠾ࡅࡿወᙧⓎ⏕㢖ᗘࡣࠊ⏝㔞࡟కࡗ࡚ቑຍࡋ
ࡓࠋ 
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Table 2-2-3 ⫾ඣእ⾲␗ᖖ – EFDヨ㦂 
⣔⤫ྡ Kbl:JW Kbl:NZW 
⩌ ᑐ↷† ࢧࣜࢻ࣐࢖ࢻ‡ ᑐ↷ ࢧࣜࢻ࣐࢖ࢻ 
ᢞ୚㔞 (mg/kg/᪥) 0 300 0 300 
⫾ඣᩘ 3955 28 19 20 
እ⾲␗ᖖ %(n) 0.0 (0) 96.9 (27) 5.0 (1) 91.7 (18) 
እ⬻ %(n) – 6.3 (2) – – 
㧊⭷⬻⒗ %(n) – 12.5 (1) – – 
║㒊㝯㉳ᡥᖹ %(n) – – – 16.7 (2) 
ᑠୖ㢡 %(n) – – – 22.2 (3) 
␗ᖖᅇ㌿ᡭ(๓⫥) %(n) – 66.3 (16) 5.0 (1) 35.4 (7) 
Ḟᣦ(๓⫥) %(n) – 60.0 (14) – 66.7 (13) 
▷ᣦ(๓⫥) %(n) – 25.0 (5) – 26.4 (5) 
ᣦᙧែ␗ᖖ(๓⫥) %(n) – 3.1 (1) – 16.0 (3) 
␗ᖖᅇ㌿ᡭ(ᚋ⫥) %(n) – 28.1 (3) – 37.5 (6) 
Ḟᣦ(ᚋ⫥) %(n) – 25.0 (2) – – 
ከᣦ(ᚋ⫥) %(n) – 6.3 (2) – 8.3 (1) 
▷ᣦ(ᚋ⫥) %(n) – 12.5 (1) – 2.1 (1) 
▷ᑿ %(n) – 81.3 (22) – 35.4 (5) 
඲㌟ᛶᾋ⭘ %(n) – – 5.0 (1) – 
EFD㸸⬇࣭⫾ඣⓎ⏕ࠊ†㸸ࢧࣜࢻ࣐࢖ࢻࡢ⬇࣭⫾ඣⓎ⏕ẘᛶヨ㦂࡜ྠᖺ࡟ᐇ᪋ࡉࢀࡓ5ࡘࡢEFDヨ㦂ࡢ᭱ᑠ㸫᭱኱್ࠊ 
‡㸸➨2❶2-1ࡢ2007ᖺࡢヨ㦂ࡢࢹ࣮ࢱࠊ%㸸ྠ⭡ඣ༢఩ࡢᖹᆒ್ࠊ(n)㸸␗ᖖⓎ⏕⫾ඣᩘࠊ–㸸␗ᖖ࡞ࡋ 
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Table 2-2-4 ⫾ඣእ⾲␗ᖖ – SPヨ㦂 
⣔⤫ྡ Kbl:JW Kbl:NZW 
⩌ ᑐ↷ ࢧࣜࢻ࣐࢖ࢻ ᑐ↷ ࢧࣜࢻ࣐࢖ࢻ 
ᢞ୚㔞 (mg/kg/᪥) 0 50 150 300 0 150 300 
ᢞ୚ᮇ㛫 ዷፎ 712᪥ ዷፎ 78᪥ ዷፎ 712᪥ ዷፎ 78᪥ 
⫾ඣᩘ 39 35 37 40 42 39 31 
እ⾲␗ᖖ %(n) 2.9 (1) 0.0 (0) 12.2 (5) 16.8 (8) 0.0 (0) 3.3 (1) 40.7 (13)s 
↓⬻ %(n)   2.5 (1) 2.0 (1)    
㧊⭷⬻⒗ %(n)    8.6 (4)s   25.3 (10)s 
㧊⭷⒗ %(n)   7.2 (3) 6.1 (3)   2.0 (1) 
ཱྀ⵹ᆶ⿣ %(n) 2.9 (1)      
ཱྀ⵹ࣄࢲ␗ᖖ %(n) 2.9 (1)      
ᑠୖ㢡 %(n) 2.9 (1)  2.5 (1)    
ᑠୗ㢡 %(n) 2.9 (1)  2.5 (1)    
㢦㠃⿣ %(n)   2.5 (1) 2.5 (1)   
␗ᖖᅇ㌿ᡭ(๓⫥) %(n)       6.7 (1) 
⭡ቨ◚⿣ %(n)      3.3 (1) 
⫠㛛⊃✽ %(n)      3.3 (1) 
↓ᑿ %(n)      3.3 (1) 
▷ᑿ %(n) 2.9 (1)  2.5 (1)    
ᒅ᭤ᑿ %(n)   2.5 (1)    6.7 (1) 
ᢞ୚ᮇ㛫 ዷፎ 712᪥ ዷፎ 910᪥ ዷፎ 712᪥ ዷፎ 910᪥ 
⫾ඣᩘ 39 30 26 34 42 31 40 
እ⾲␗ᖖ %(n) 2.9 (1) 16.7 (2) 51.3 (11)s 83.3 (27)s 0.0 (0) 8.3 (2) 17.8 (7) 
ཱྀ⵹ᆶ⿣ %(n) 2.9 (1)      
ཱྀ⵹ࣄࢲ␗ᖖ %(n) 2.9 (1)      
ᑠୖ㢡 %(n) 2.9 (1)      
ᑠୗ㢡 %(n) 2.9 (1)      
␗ᖖᅇ㌿ᡭ(๓⫥) %(n)   8.6 (2) 51.1 (14)s   5.6 (2) 
␗ᖖᅇ㌿ᡭ(ᚋ⫥) %(n)       11.7 (4) 
Ḟᣦ(๓⫥) %(n)    53.3 (15)s   6.7 (2) 
▷ᣦ(๓⫥) %(n)  8.3 (1) 8.6 (2) 26.7 (4)  8.3 (2) 
ᣦᙧែ␗ᖖ(๓⫥) %(n)   20.0 (4) 16.1 (7)s   4.4 (2) 
▷ᑿ %(n) 2.9 (1) 8.3 (1) 27.8 (6) 76.1 (24)s   10.6 (4)s 
ᒅ᭤ᑿ %(n)  8.3 (1) 5.0 (1)    
ᢞ୚ᮇ㛫 ዷፎ 712᪥ ዷፎ 1112᪥ ዷፎ 712᪥ ዷፎ 1112᪥ 
⫾ඣᩘ 39 46 34 34 42 48 39 
እ⾲␗ᖖ %(n) 2.9 (1) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 
ཱྀ⵹ᆶ⿣ %(n) 2.9 (1)      
ཱྀ⵹ࣄࢲ␗ᖖ %(n) 2.9 (1)      
ᑠୖ㢡 %(n) 2.9 (1)      
ᑠୗ㢡 %(n) 2.9 (1)      
▷ᑿ %(n) 2.9 (1)      
SP㸸ឤཷᮇࠊ%㸸ྠ⭡ඣ༢఩ࡢᖹᆒ್ࠊ(n)㸸␗ᖖⓎ⏕⫾ඣᩘࠊ–㸸␗ᖖ࡞ࡋࠊ 
s㸸ᑐ↷⩌࡜ࡢ㛫࡟᭷ពᕪ᭷ࡾ(p0.05ࠊShirley-Williams᳨ᐃ)  
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⫾ඣෆ⮚␗ᖖཬࡧኚ␗ 
EFDヨ㦂࡟࠾ࡅࡿ୺せ࡞ወᙧࡣࠊỈ㢌⑕ࠊᚰ⾑⟶ወᙧࠊ⫵୰㛫ⴥḞᦆࠊᶓ㝸⭷࣊ࣝࢽ࢔࠾ࡼࡧ
⫢⮚ศⴥ␗ᖖ࡛࠶ࡾࠊ୺࡞ኚ␗ࡣ⫵ⴥ㛫⿣పᙧᡂ࠾ࡼࡧ⫵୰㛫ⴥᑠᆺ໬࡛࠶ࡗࡓ(Table 2-2-5)ࠋ⫵
୰㛫ⴥḞᦆ࠾ࡼࡧᶓ㝸⭷࣊ࣝࢽ࢔ࡢⓎ⏕㢖ᗘࡣࠊKbl:NZW ⣔⤫ࡢ᪉ࡀ Kbl:JW ⣔⤫ࡼࡾࡶ㧗್ࡲ
ࡓࡣ㧗್ഴྥࢆ♧ࡋࡓࠋ୍᪉࡛ࠊ⫵ⴥ㛫⿣పᙧᡂࡢⓎ⏕㢖ᗘࡣࠊKbl:JW ⣔⤫ࡢ᪉ࡀ Kbl:NZW ⣔
⤫ࡼࡾࡶ㧗࠿ࡗࡓࠋ⫶ᑠᆺ໬ࡣࠊKbl:NZW࢘ࢧࢠ⫾ඣࡢ༙ᩘ౛࡛ࡳࡽࢀࡓࠋSPヨ㦂࡛ࡣࠊ୧⣔⤫
ࡢዷፎ 7-8 ᪥ᢞ୚⩌࡛୺࡜ࡋ࡚Ỉ㢌⑕࠾ࡼࡧᚰ⾑⟶⣔ወᙧࡀほᐹࡉࢀࡓ(Table 2-2-6)ࠋ150 mg/kg
ᢞ୚⩌࡟࠾ࡅࡿỈ㢌⑕ࡢⓎ⏕㢖ᗘࡣࠊKbl:JW⣔⤫ࡢ᪉ࡀKbl:NZW⣔⤫ࡼࡾࡶ㧗್ഴྥ࡛࠶ࡗࡓࠋ
⫵୰㛫ⴥḞᦆࠊ⫵ⴥ㛫⿣పᙧᡂࡸ⫵୰㛫ⴥᑠᆺ໬࡞࡝ࡢ⫵ࡢ␗ᖖ࠾ࡼࡧኚ␗ࡣࠊᢞ୚ᮇ㛫ࡢ㐪࠸
࡟࠿࠿ࢃࡽࡎ୧⣔⤫࡜ࡶ඲ᢞ୚⩌࡛ほᐹࡉࢀࡓ(Table 2-2-5࠾ࡼࡧ 6)ࠋ⫵୰㛫ⴥḞᦆࡲࡓࡣ⫵୰㛫
ⴥᑠᆺ໬ࡢྜィࡢⓎ⏕㢖ᗘࡣࠊKbl:NZW ⣔⤫ࡢ᪉ࡀ Kbl:JW ⣔⤫ࡼࡾ㧗್ഴྥ࡛࠶ࡗࡓࠋᶓ㝸⭷
࣊ࣝࢽ࢔ࡣࠊKbl:NZW⣔⤫࡛ዷፎ 7-8࠾ࡼࡧ 9-10᪥ᢞ୚⩌࡟ࡳࡽࢀࡓࠋSPヨ㦂ࡢ 150࠾ࡼࡧ 300 
mg/kgᢞ୚⩌ࡢወᙧ࠾ࡼࡧኚ␗Ⓨ⏕㢖ᗘࡣࠊከࡃࡢሙྜ࡛ྠ➼࠿ࡶࡋࡃࡣ⏝㔞࡟కࡗ࡚ቑຍࡋࡓࠋ
Kbl:JW⣔⤫ࡢࡳᐇ᪋ࡋࡓ 50 mg/kgᢞ୚⩌ࡢⓎ⏕㢖ᗘࡣࠊ㢧ⴭ࡟ప࠿ࡗࡓࠋ 
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Table 2-2-5 ⫾ඣෆ⮚␗ᖖ࣭ኚ␗ – EFDヨ㦂 
⣔⤫ྡ Kbl:JW Kbl:NZW 
⩌ ᑐ↷† ࢧࣜࢻ࣐࢖ࢻ‡ ᑐ↷ ࢧࣜࢻ࣐࢖ࢻ 
ᢞ୚㔞 (mg/kg/᪥) 0 300 0 300 
⫾ඣᩘ 3955 28 19 20 
ෆ⮚␗ᖖ %(n) 0.0–1.9 (1) 83.1 (22) 30.0 (6) 95.8 (19) 
Ỉ㢌⑕ %(n) – 37.5 (9) – 28.5 (5) 
ᑠ║⌫ %(n) – 2.5 (1) – 13.9 (2) 
ᚰᐊ୰㝸⭷ᛶ㒊Ḟᦆ %(n) 0.0–1.9 (1) 21.9 (4) – 4.2 (1) 
኱ື⬦ᘪ㞳᩿ %(n) – 5.6 (2) – – 
㥽஌኱ື⬦ %(n) – 6.3 (2) – 4.2 (1) 
⫵ື⬦ᖿ⊃✽ %(n) – 9.4 (3) – 4.2 (1) 
㣗㐨⫼᪉㙐㦵ୗື⬦ %(n) – 25.0 (2) – – 
⫵୰㛫ⴥḞᦆ %(n) – 29.4 (10) 30.0 (6) 77.1 (15) 
⫵ᑠᆺ໬ %(n) 0.0–1.9 (1) 3.1 (1) – 20.8 (2) 
⬚㒊ᾮయ㈓␃ %(n) – 3.1 (1) – – 
ᶓ㝸⭷࣊ࣝࢽ࢔ %(n) 0.0–1.9 (1) 9.4 (3) – 27.1 (5) 
⫶ᑠᆺ໬ %(n) – – – 50.7 (9) 
⫢⮚ศⴥ␗ᖖ %(n) – 41.3 (10) – 22.9 (5) 
⫹ᄞᑠᆺ໬ %(n)  5.6 (2) – 4.2 (1) 
ෆ⮚ኚ␗ %(n) 0.0 (0) 73.1 (18) 0.0 (0) 29.2 (8) 
⫵ⴥ㛫⿣పᙧᡂ %(n) – 70.6 (17) – 25.0 (7) 
⫵୰㛫ⴥᑠᆺ໬ %(n) – 11.9 (4) – 6.3 (2) 
EFD㸸⬇࣭⫾ඣⓎ⏕ࠊ†㸸ࢧࣜࢻ࣐࢖ࢻࡢ⬇࣭⫾ඣⓎ⏕ẘᛶヨ㦂࡜ྠᖺ࡟ᐇ᪋ࡉࢀࡓ5ࡘࡢEFDヨ㦂ࡢ᭱ᑠ㸫᭱኱್ࠊ 
‡㸸➨2❶2-1ࡢ2007ᖺࡢヨ㦂ࡢࢹ࣮ࢱࠊ%㸸ྠ⭡ඣ༢఩ࡢᖹᆒ್ࠊ(n)㸸␗ᖖࡲࡓࡣኚ␗Ⓨ⏕⫾ඣᩘࠊ 
–㸸␗ᖖࡲࡓࡣኚ␗࡞ࡋ 
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Table 2-2-6 ⫾ඣෆ⮚␗ᖖ࣭ኚ␗ – SPヨ㦂 
⣔⤫ྡ Kbl:JW Kbl:NZW 
⩌ ᑐ↷ ࢧࣜࢻ࣐࢖ࢻ ᑐ↷ ࢧࣜࢻ࣐࢖ࢻ 
ᢞ୚㔞 (mg/kg/᪥) 0 50 150 300 0 150 300 
ᢞ୚ᮇ㛫 ዷፎ 712᪥ ዷፎ 78᪥ ዷፎ 712᪥ ዷፎ 78᪥ 
⫾ඣᩘ 39 35 37 40 42 39 31 
ෆ⮚␗ᖖ %(n) 2.9 (1) 19.4 (6)s 61.5 (23)s 62.5 (25)s 3.1 (1) 54.0 (19)s 67.1 (21)s 
Ỉ㢌⑕ %(n)  12.9 (3) 48.6 (19)s 43.7 (20)s 3.1 (1) 11.0 (4) 27.1 (11) 
ᑠ║⌫ %(n)   1.8 (1) 1.8 (1)   3.3 (1) 
ᚰᐊ୰㝸⭷ᛶ㒊Ḟᦆ %(n)    5.5 (3)   
㥽஌኱ື⬦ %(n)    3.6 (2)   
⫵ື⬦ᖿ⊃✽ %(n)    1.8 (1)   
㣗㐨⫼᪉㙐㦵ୗື⬦ %(n)  2.0 (1) 4.4 (2) -  11.1 (5) 13.3 (2) 
㣗㐨⫼᪉኱ື⬦ᘪ %(n)    1.8 (1)   
⫵୰㛫ⴥḞᦆ %(n)  2.0 (1) 6.7 (1) 12.1 (4)  29.6 (8)s 38.0 (12)s 
⫵ᑠᆺ໬ %(n)      4.0 (2) 2.2 (1) 
⬚⭢ᑠᆺ໬ %(n) 2.9 (1)      
ᶓ㝸⭷࣊ࣝࢽ࢔ %(n)      4.0 (2) 2.2 (1) 
⫢⮚ᄞ⬊ %(n)    1.8 (1)   
⫹ᄞ᠁ᐊ %(n)  2.5 (1)     
⭈⮚Ḟᦆ %(n)    6.7 (1)  3.3 (1) 6.7 (1) 
⭈⮚኱ᆺ໬ %(n)       6.7 (1) 
ෆ⮚ኚ␗ %(n) 2.9 (1) 0.0 (0) 1.8 (1) 9.8 (5) 0.0 (0) 5.3 (2) 34.2 (8)s 
⫵ⴥ㛫⿣పᙧᡂ %(n) 2.9 (1)  1.8 (1)    
⫵୰㛫ⴥᑠᆺ໬ %(n) 2.9 (1)   6.1 (3)  5.3 (2) 34.2 (8)s 
⫢ⴥ㛫⿣పᙧᡂ %(n)    3.6 (2)    
ᢞ୚ᮇ㛫 ዷፎ 712᪥ ዷፎ 910᪥ ዷፎ 712᪥ ዷፎ 910᪥ 
⫾ඣᩘ 39 30 26 34 42 31 40 
ෆ⮚␗ᖖ %(n) 2.9 (1) 0.0 (0) 6.3 (2) 5.6 (2) 3.1 (1) 8.3 (2) 17.7 (6) 
Ỉ㢌⑕ %(n)     3.1 (1)  
኱⾑⟶㌿᥮ %(n)      4.2 (1) 2.5 (1) 
⫵୰㛫ⴥḞᦆ %(n)   2.8 (1) 5.6 (2)  4.2 (1) 8.0 (2) 
⬚⭢ᑠᆺ໬ %(n) 2.9 (1)      
ᶓ㝸⭷࣊ࣝࢽ࢔ %(n)       9.0 (3)s 
⫹ᄞ஧ศ %(n)   3.6 (1)    
⫹ᄞᑠᆺ໬ %(n)       2.2 (1) 
ෆ⮚ኚ␗ %(n) 2.9 (1) 0.0 (0) 0.0 (0) 18.9 (5) 0.0 (0) 25.6 (7) 16.3 (5) 
⫵ⴥ㛫⿣పᙧᡂ %(n) 2.9 (1)   16.7 (4)  3.6 (1) 6.7 (2) 
⫵୰㛫ⴥᑠᆺ໬ %(n) 2.9 (1)     22.0 (6) 9.7 (3) 
⫢ⴥ㛫⿣పᙧᡂ %(n)    6.7 (3)   
ᢞ୚ᮇ㛫 ዷፎ 712᪥ ዷፎ 1112᪥ ዷፎ 712᪥ ዷፎ 1112᪥ 
⫾ඣᩘ 39 46 34 34 42 48 39 
ෆ⮚␗ᖖ %(n) 2.9 (1) 0.0 (0) 15.3 (3) 2.5 (1) 3.1 (1) 12.2 (6) 25.0 (12) 
↓║⌫ %(n)      2.5 (1) 
Ỉ㢌⑕ %(n)     3.1 (1)  
⬚⭢ᑠᆺ໬ %(n) 2.9 (1)      
⫵୰㛫ⴥḞᦆ %(n)   15.3 (3) 2.5 (1)  9.7 (5) 25.0 (12)s 
ෆ⮚ኚ␗ %(n) 2.9 (1) 3.3 (1) 0.0 (0) 2.5 (1) 0.0 (0) 4.3 (2) 4.5 (2) 
⫵ⴥ㛫⿣పᙧᡂ %(n) 2.9 (1) 3.3 (1)     
⫵୰㛫ⴥᑠᆺ໬ %(n) 2.9 (1)   2.5 (1)  4.3 (2) 4.5 (2) 
SP㸸ឤཷᮇࠊ%㸸ྠ⭡ඣ༢఩ࡢᖹᆒ್ࠊ(n)㸸␗ᖖࡲࡓࡣኚ␗Ⓨ⏕⫾ඣᩘࠊ–㸸␗ᖖࡲࡓࡣኚ␗࡞ࡋࠊ 
s㸸ᑐ↷⩌࡜ࡢ㛫࡟᭷ពᕪ᭷ࡾ(p0.05ࠊShirley-Williams᳨ᐃ)  
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⫾ඣ㦵᱁␗ᖖ 
୺せ࡞␗ᖖࡣࠊ㢌㒊ࠊᅄ⫥࠾ࡼࡧᑿࡢ୰㍈㦵᱁࡛ほᐹࡉࢀࡓࠋEFDヨ㦂࡛ࡣࠊ㢌㒊␗ᖖ࡜ࡋ࡚
๓㢌㦵ࡸ㰯㦵㛫ࡢ⦭ྜ␗ᖖࠊ㢌⵹㦵ࡸୖ㢡㦵࡞࡝ࡢᙧែ␗ᖖࡀ୧⣔⤫࡟ࡳࡽࢀࡓ(Table 2-2-7)ࠋSP
ヨ㦂࡛ࡣࠊ࠸ࡎࢀࡢ⣔⤫࡛ࡶ୺࡟ዷፎ 7-8᪥ᢞ୚⩌࡟ྠ✀ࡢ㢌㒊␗ᖖࡀࡳࡽࢀࠊ150 mg/kgᢞ୚᫬
ࡢ Kbl:JW⣔⤫ࡢⓎ⏕㢖ᗘࡣ Kbl:NZW⣔⤫ࡼࡾࡶ㧗࠿ࡗࡓ(Table 2-2-8)ࠋEFDヨ㦂࡟࠾ࡅࡿᅄ⫥ወ
ᙧࡣࠊᶨ㦵ࠊ኱⭣㦵࠾ࡼࡧ⬯㦵ࡢḞᦆࡲࡓࡣ▷ᑠ࡞ࡽࡧ࡟ᣦ⠇㦵ࡢḞᦆࡸᙧែ␗ᖖ࡛࠶ࡗࡓࠋSP
ヨ㦂࡛ࡣࠊྠࡌ✀㢮ࡢᅄ⫥ወᙧࡀዷፎ 9-10᪥ᢞ୚⩌࡟ࡳࡽࢀࡓࠋEFDヨ㦂࡟࠾࠸࡚ Kbl:JW⣔⤫
ࡢᶨ㦵ࡢḞᦆ࠾ࡼࡧ▷ᑠ(๓⫥ወᙧ)ࡢྜィࡢⓎ⏕㢖ᗘࡣࠊ⬯㦵ࡢḞᦆ࠾ࡼࡧ▷ᑠ(ᚋ⫥ወᙧ)ࡢⓎ⏕
㢖ᗘࡼࡾࡶ㧗࠿ࡗࡓࡀࠊKbl:NZW⣔⤫࡛ࡣྠ➼࡛࠶ࡗࡓࠋSPヨ㦂࡛ࡣᶨࠊ 㦵ࡢḞᦆ࠾ࡼࡧ▷ᑠࡣ
Kbl:JW ⣔⤫࡟ࡢࡳࠊ⬯㦵ࡢḞᦆ࠾ࡼࡧ▷ᑠࡣ Kbl:NZW ⣔⤫࡟ࡢࡳほᐹࡉࢀࡓࠋ๓⫥࠾ࡼࡧᚋ⫥
࡛ࡢᣦ⠇㦵ḞᦆࡢⓎ⏕㢖ᗘࡣࠊEFDヨ㦂࡛ࡣ୧⣔⤫࡛ྠ➼࡛࠶ࡗࡓࡀࠊSPヨ㦂ࡢ 300 mg/kg⩌࡛
ࡣ Kbl:JW⣔⤫ࡢ᪉ࡀ Kbl:NZW⣔⤫ࡼࡾࡶ㧗࠿ࡗࡓࠋEFDヨ㦂࡛ࡣࠊᑿࡢ୰㍈㦵᱁࡟࠾ࡅࡿ୺࡞
ወᙧࡣࠊ௝᳝య⒵ྜࠊᑿ᳝ᙧែ␗ᖖࡲࡓࡣ⒵ྜ࠾ࡼࡧᑿ᳝య㓄ิ␗ᖖ࡛࠶ࡗࡓࠋྠ✀ࡢወᙧࡣࠊ
SPヨ㦂ࡢዷፎ 9-10᪥ᢞ୚⩌࡛ほᐹࡉࢀࡓࠋࡇࢀࡽࡢወᙧࡢⓎ⏕㢖ᗘࡣࠊEFD࠾ࡼࡧ SPヨ㦂ࡢ࠸
ࡎࢀ࡟࠾࠸࡚ࡶࠊKbl:JW ⣔⤫ࡢ᪉ࡀ Kbl:NZW ⣔⤫ࡼࡾࡶ㧗࠿ࡗࡓࠋዷፎ 11-12 ᪥ᢞ୚⩌࡛ࡣࠊ
୧⣔⤫࡜ࡶᢞ୚࡟㉳ᅉࡋࡓ㦵᱁␗ᖖࡣࡳࡽࢀ࡞࠿ࡗࡓࠋKbl:JW ࡢዷፎ 7-8 ᪥ࡢ 150 ࠾ࡼࡧ 300 
mg/kg ᢞ୚⩌ࡢ⥲Ⓨ⏕㢖ᗘࡀྠ➼࡛࠶ࡗࡓ௨እࡣࠊ୧⣔⤫ࡢወᙧⓎ⏕㢖ᗘࡣ⏝㔞࡟కࡗ࡚ቑຍࡋ
ࡓࠋ 
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Table 2-2-7 ⫾ඣ㦵᱁␗ᖖ – EFDヨ㦂 
⣔⤫ྡ Kbl:JW Kbl:NZW 
⩌ ᑐ↷† ࢧࣜࢻ࣐࢖ࢻ‡ ᑐ↷ ࢧࣜࢻ࣐࢖ࢻ 
ᢞ୚㔞 (mg/kg/᪥) 0 300 0 300 
⫾ඣᩘ 3955 28 19 20 
㦵᱁␗ᖖ %(n) 0.0–4.8 (3) 94.4 (26) 0.0 (0) 100.0 (20) 
๓㢌㦵⦭ྜ␗ᖖ %(n) – 51.3 (14) – 45.1 (8) 
㢌⵹㦵ᙧែ␗ᖖ %(n) – 15.6 (2) – 16.7 (2) 
㢌⵹㢦㠃㦵ᙧែ␗ᖖ %(n) – 3.1 (1) – – 
㢌㒊㦵⦭ྜ␗ᖖ %(n) 0.0–3.2 (2) – – – 
㰯㦵㛫⦭ྜ␗ᖖ %(n) – 43.1(8) – 22.2 (3) 
ୖ㢡㦵ᙧែ␗ᖖ %(n) – 3.1 (1) – 10.4 (2) 
㢌⵹㦵Ḟᦆ %(n) – 3.1 (1) – – 
㢌⵹㢦㠃㦵㒊ศḞᦆ %(n) – 43.8 (8) – – 
ୖ㢡㦵ᑠᆺ໬ %(n) – – – 18.1 (3) 
⬚㦵ศ⠇⒵ྜ %(n) 0.0–1.9 (1) – – 22.2 (3) 
⫘㦵▷ᑠ %(n) 0.0–1.7 (1) – – – 
⬚᳝ᘪḞᦆ %(n) 0.0–2.8 (1) – – – 
ᶨ㦵Ḟᦆ %(n) – 15.6 (2) – 16.7 (2) 
ᶨ㦵▷ᑠ %(n) – 33.1 (8) – 14.6 (4) 
኱⭣㦵Ḟᦆ %(n) – 12.5 (1) – – 
኱⭣㦵▷ᑠ %(n) – 25.0 (2) – 8.3 (1) 
⬯㦵Ḟᦆ %(n) – 25.0 (2) – 41.7 (6) 
⬯㦵▷ᑠ %(n) – 3.1 (1) – 4.2 (1) 
⭌㦵ᙙ᭤ %(n) – 25.0 (2) – 8.3 (1) 
᜝㦵Ḟᦆ %(n) – 12.5 (1) – 8.3 (1) 
ᣦ⠇㦵Ḟᦆ(๓⫥) %(n) – 68.8 (17) – 66.7 (12) 
ᣦ⠇㦵Ḟᦆ(ᚋ⫥) %(n) – 25.0 (2) – 16.7 (2) 
ᣦ⠇㦵ᙧែ␗ᖖ(๓⫥) %(n) – – – 5.6 (1) 
ᣦ⠇㦵㐣๫(ᚋ⫥) %(n) – 3.1 (1) – – 
௝᳝య⒵ྜ %(n) – 25.0 (2) – – 
ᑿ᳝ᙧែ␗ᖖ %(n) – 23.8 (9) – – 
ᑿ᳝⒵ྜ %(n) – 39.4 (7) – 39.6 (8) 
ᑿ᳝య㓄ิ␗ᖖ %(n) – 12.5 (4) – 2.1 (1) 
EFD㸸⬇࣭⫾ඣⓎ⏕ࠊ†㸸ࢧࣜࢻ࣐࢖ࢻࡢ⬇࣭⫾ඣⓎ⏕ẘᛶヨ㦂࡜ྠᖺ࡟ᐇ᪋ࡉࢀࡓ5ࡘࡢEFDヨ㦂ࡢ᭱ᑠ㸫᭱኱್ࠊ 
‡㸸➨2❶2-1ࡢ2007ᖺࡢヨ㦂ࡢࢹ࣮ࢱࠊ%㸸ྠ⭡ඣ༢఩ࡢᖹᆒ್ࠊ(n)㸸␗ᖖⓎ⏕⫾ඣᩘࠊ–㸸␗ᖖ࡞ࡋ 
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Table 2-2-8 ⫾ඣ㦵᱁␗ᖖ – SPヨ㦂 
⣔⤫ྡ Kbl:JW Kbl:NZW 
⩌ ᑐ↷ ࢧࣜࢻ࣐࢖ࢻ ᑐ↷ ࢧࣜࢻ࣐࢖ࢻ 
ᢞ୚㔞 (mg/kg/᪥) 0 50 150 300 0 150 300 
ᢞ୚ᮇ㛫 ዷፎ 712᪥ ዷፎ 78᪥ ዷፎ 712᪥ ዷፎ 78᪥ 
⫾ඣᩘ 39 35 37 40 42 39 31 
㦵᱁␗ᖖ %(n) 2.9 (1) 10.5 (4) 57.7 (22)s 51.2 (19)s 2.1 (1) 15.7 (5) 54.4 (19)s 
㢌㒊㦵⦭ྜ␗ᖖ %(n)     2.1 (1)  
๓㢌㦵⦭ྜ␗ᖖ %(n)  4.0 (1) 29.6 (12)s 28.5 (10)s   7.8 (3) 
๓㢌㦵⒵ྜ %(n) 2.9 (1)  17.3 (6) 5.5 (3)  5.0 (1) – 
๓㢌㦵㰯㦵⒵ྜ %(n)   12.4 (5)s 6.8 (3)s  – 4.0 (2) 
㢌⵹㦵ᙧែ␗ᖖ %(n)    6.3 (3)s  – 25.3 (10)s 
㢌⵹㢦㠃㦵ᙧែ␗ᖖ %(n)   2.5 (1)    
㰯㦵㛫⦭ྜ␗ᖖ %(n) 2.9 (1)  5.2 (2)   2.0 (1) 2.0 (1) 
㰯㦵⒵ྜ %(n)  4.0 (1) 2.5 (1)   5.0 (1) 2.0 (1) 
㢌⵹㦵Ḟᦆ %(n)   5.0 (2) 8.0 (4)   
ୖ㢡㦵ᙧែ␗ᖖ %(n)      5.0 (1) 
⫘㦵⒵ྜ %(n)      3.3 (1) 
⬚㦵ศ⠇⒵ྜ %(n)  4.0 (2)    2.0 (1) 
⬚᳝ศ⠇㞀ᐖ %(n)  2.5 (1)     
⬯㦵Ḟᦆ %(n) 2.9 (1)      
⭜᳝ᙧែ␗ᖖ %(n)      3.3 (1) 
௝᳝య⒵ྜ %(n)    6.7 (1)   
௝᳝ᙧែ␗ᖖ %(n)      3.3 (1) 
ᑿ᳝ᙧែ␗ᖖ %(n)      3.3 (1) 6.7 (1) 
ᑿ᳝⒵ྜ %(n)   2.5 (1) 3.6 (2)   
ᑿ᳝య㓄ิ␗ᖖ %(n)       6.7 (1) 
ᢞ୚ᮇ㛫 ዷፎ 712᪥ ዷፎ 910᪥ ዷፎ 712᪥ ዷፎ 910᪥ 
⫾ඣᩘ 39 30 26 34 42 31 40 
㦵᱁␗ᖖ %(n) 2.9 (1) 27.8 (6)s 39.8 (10)s 70.6 (22)s 2.1 (1) 14.2 (4) 24.4 (10) 
๓㢌㦵⦭ྜ␗ᖖ %(n)    7.8 (3)   
㢌㒊㦵⦭ྜ␗ᖖ %(n)     2.1 (1) 3.6 (1) 
๓㢌㦵⒵ྜ %(n) 2.9 (1)      
㰯㦵㛫⦭ྜ␗ᖖ %(n) 2.9 (1)      3.3 (1) 
㢌⵹㦵Ḟᦆ %(n)       2.2 (1) 
⬚㦵ศ⠇⒵ྜ %(n)  5.3 (2)  4.4 (2)   
⬚᳝Ḟᦆ %(n)       1.7 (1) 
⫘㦵ᩘῶᑡ %(n)       1.7 (1) 
ୖ⭎㦵▷ᑠ %(n)    2.2 (1)   
ᶨ㦵Ḟᦆ %(n)    23.3 (6)s   
ᶨ㦵▷ᑠ %(n)    36.7 (9)s   
⬯㦵Ḟᦆ %(n) 2.9 (1)      6.7 (2) 
⬯㦵▷ᑠ %(n)       7.2 (3)s 
⭌㦵▷ᑠ %(n)    2.2 (1)   
᜝㦵Ḟᦆ %(n)       3.3 (1) 
ᣦ⠇㦵Ḟᦆ(๓⫥) %(n)   8.6 (2) 54.4 (15)s  8.3 (2) 6.7 (2) 
ᣦ⠇㦵㐣๫(๓⫥) %(n)   10.0 (2) 4.7 (2)   
⭜᳝Ḟᦆ %(n)    3.3 (1)   2.2 (1) 
ᑿ᳝ᙧែ␗ᖖ %(n)  11.5 (2)  23.6 (7)s   
ᑿ᳝⒵ྜ %(n)   24.9 (6)s 8.9 (3)s  2.3 (1) 1.7 (1) 
ᑿ᳝య㓄ิ␗ᖖ %(n)  11.1 (2) 12.7 (4) 4.4 (2)   3.3 (2) 
ᢞ୚ᮇ㛫 ዷፎ 712᪥ ዷፎ 1112᪥ ዷፎ 712᪥ ዷፎ 1112᪥ 
⫾ඣᩘ 39 46 34 34 42 48 39 
㦵᱁␗ᖖ %(n) 2.9 (1) 0.0 (0) 0.0 (0) 2.5 (1) 2.1 (1) 0.0 (0) 0.0 (0) 
๓㢌㦵⒵ྜ %(n) 2.9 (1)      
㢌㒊㦵⦭ྜ␗ᖖ %(n)     2.1 (1)  
㰯㦵㛫⦭ྜ␗ᖖ %(n) 2.9 (1)   2.5 (1)   
⬯㦵Ḟᦆ %(n) 2.9 (1)      
SP㸸ឤཷᮇࠊ%㸸ྠ⭡ඣ༢఩ࡢᖹᆒ್ࠊ(n)㸸␗ᖖⓎ⏕⫾ඣᩘࠊ–㸸␗ᖖ࡞ࡋࠊ 
s㸸ᑐ↷⩌࡜ࡢ㛫࡟᭷ពᕪ᭷ࡾ(p0.05ࠊShirley-Williams᳨ᐃ)  
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⫾ඣ㦵᱁ኚ␗ 
EFDヨ㦂࡛ࡣࠊ୧⣔⤫࡜ࡶᑐ↷⩌࠾ࡼࡧᢞ୚⩌ࡢ㛫࡟㦵᱁ኚ␗ࡢⓎ⏕㢖ᗘ࠾ࡼࡧ✀㢮࡟ᕪࡣ࡞
࠿ࡗࡓ(Table 2-2-9)ࠋSPヨ㦂࡛ࡣࠊKbl:NZW⣔⤫ࡢዷፎ 9-10᪥ᢞ୚⩌ࡢ⥲ኚ␗Ⓨ⏕㢖ᗘ࠾ࡼࡧ᏶
඲㐣๫⫘㦵ࡢⓎ⏕㢖ᗘࡣ᭷ព࡞ప್ࢆ♧ࡋࠊ⭜᳝ᩘኚ␗ࡣほᐹࡉࢀ࡞࠿ࡗࡓ(Table 2-2-10)ࠋ࠸ࡎ
ࢀࡢ⣔⤫࡟ࡶኚ␗ࡢⓎ⏕㢖ᗘ࡜⏝㔞࡜ࡢ㛵㐃ᛶࡣࡳࡽࢀ࡞࠿ࡗࡓࠋ 
 
 
Table 2-2-9 ⫾ඣ㦵᱁ኚ␗ – EFDヨ㦂 
⣔⤫ྡ Kbl:JW Kbl:NZW 
⩌ ᑐ↷† ࢧࣜࢻ࣐࢖ࢻ‡ ᑐ↷ ࢧࣜࢻ࣐࢖ࢻ 
ᢞ୚㔞 (mg/kg/᪥) 0 300 0 300 
⫾ඣᩘ 3955 28 19 20 
㦵᱁ኚ␗ %(n) 22.0 (10)–41.3 (20) 28.8 (10) 78.3 (15) 79.2 (16) 
㢕⫘ %(n) 2.5 (1)–21.5 (10) 2.5 (1) – – 
᏶඲㐣๫⫘㦵 %(n) 3.7 (2)–12.1 (6) – 57.8 (11) 66.7 (14) 
▷ᑠ㐣๫⫘㦵 %(n) 12.9 (5)–16.0 (9) 23.1 (8) 20.6 (4) 18.1 (3) 
⬚㦵ศ⠇⣒≧⒵ྜ %(n) 0.0–2.4 (1) 3.1 (1) – 2.1 (1) 
⬚㦵ศ⠇஧ศ㦵໬ %(n) – 2.5 (1) – 4.2 (1) 
⬚᳝య஧ศ㦵໬ %(n) 0.0–2.8 (1) – – – 
⭜᳝ᩘኚ␗ %(n) 0.0–12.5 (5) – – 11.1 (2) 
EFD㸸⬇࣭⫾ඣⓎ⏕ࠊ†㸸ࢧࣜࢻ࣐࢖ࢻࡢ⬇࣭⫾ඣⓎ⏕ẘᛶヨ㦂࡜ྠᖺ࡟ᐇ᪋ࡉࢀࡓ5ࡘࡢEFDヨ㦂ࡢ᭱ᑠ㸫᭱኱್ࠊ 
‡㸸➨2❶2-1ࡢ2007ᖺࡢヨ㦂ࡢࢹ࣮ࢱࠊ%㸸ྠ⭡ඣ༢఩ࡢᖹᆒ್ࠊ(n)㸸ኚ␗Ⓨ⏕⫾ඣᩘࠊ–㸸ኚ␗࡞ࡋ 
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Table 2-2-10 ⫾ඣ㦵᱁ኚ␗ – SPヨ㦂 
⣔⤫ྡ Kbl:JW Kbl:NZW 
⩌ ᑐ↷ ࢧࣜࢻ࣐࢖ࢻ ᑐ↷ ࢧࣜࢻ࣐࢖ࢻ 
ᢞ୚㔞 (mg/kg/᪥) 0 50 150 300 0 150 300 
ᢞ୚ᮇ㛫 ዷፎ 712᪥ ዷፎ 78᪥ ዷፎ 712᪥ ዷፎ 78᪥ 
⫾ඣᩘ 39 35 37 40 42 39 31 
㦵᱁ኚ␗ %(n) 18.2 (7) 28.7 (10) 56.7 (21) 21.4 (11) 81.9 (35) 84.9 (33) 100.0 (31)s
㢕᳝ᘪ཮≧ %(n)   2.2 (1)    
㢕⫘ %(n)  4.0 (1) 3.3 (1) 2.0 (1) 3.1 (1) 8.0 (4) 
᏶඲㐣๫⫘㦵 %(n) 5.4 (2) 6.0 (3) 27.0 (10) 11.8 (6) 63.1 (27) 67.8 (25) 82.2 (26) 
▷ᑠ㐣๫⫘㦵 %(n) 12.9 (5) 18.7 (6) 27.0 (12) 7.8 (4) 22.5 (10) 26.4 (12) 25.3 (8) 
⬚㦵ศ⠇㝵ẁ≧ %(n)  2.0 (1) 9.2 (2) 1.8 (1)  7.2 (2) 6.7 (1) 
⬚㦵ศ⠇⣒≧⒵ྜ %(n)      2.0 (1) 
⭜᳝ᩘኚ␗ %(n)   25.2 (9) 7.5 (4) 42.4 (17) 39.6 (13) 53.8 (19) 
௝᳝⭜᳝໬ %(n)   2.2 (1) 2.5 (1) 5.2 (2) 2.0 (1) 
ᢞ୚ᮇ㛫 ዷፎ 712᪥ ዷፎ 910᪥ ዷፎ 712᪥ ዷፎ 910᪥ 
⫾ඣᩘ 39 30 26 34 42 31 40 
㦵᱁ኚ␗ %(n) 18.2 (7) 37.2 (10) 29.1 (7) 20.0 (5) 81.9 (35) 38.1 (12)s 28.3 (13)s 
㢕⫘ %(n)  13.9 (3)  12.2 (2) 3.1 (1) 7.1 (2) 2.5 (1) 
᏶඲㐣๫⫘㦵 %(n) 5.4 (2)  5.0 (1)  63.1 (27) 10.4 (4)s 9.7 (5)s 
▷ᑠ㐣๫⫘㦵 %(n) 12.9 (5)  24.1 (6) 3.3 (1) 22.5 (10) 19.3 (6) 15.0 (7) 
⬚㦵ศ⠇వ๫㦵໬∦ %(n)  24.2 (5)     
⬚㦵ศ⠇⣒≧⒵ྜ %(n)  2.5 (1)  4.4 (2)  3.6 (1) 
⬚㦵ศ⠇஧ศ㦵໬ %(n)  5.0 (2)     
⭜᳝௝᳝໬ %(n)       4.4 (2) 
⭜᳝ᩘኚ␗ %(n)     42.4 (17)  
௝᳝⭜᳝໬ %(n)     5.2 (2)  
ᢞ୚ᮇ㛫 ዷፎ 712᪥ ዷፎ 1112᪥ ዷፎ 712᪥ ዷፎ 1112᪥ 
⫾ඣᩘ 39 46 34 34 42 48 39 
㦵᱁ኚ␗ %(n) 18.2 (7) 21.1 (10) 11.8 (3) 9.8 (3) 81.9 (35) 56.5 (26) 53.4 (25) 
㢕⫘ %(n)  3.3 (2)  4.2 (1) 3.1 (1) 2.0 (1) 3.1 (1) 
᏶඲㐣๫⫘㦵 %(n) 5.4 (2) 4.4 (2)   63.1 (27) 28.8 (13) 43.5 (20) 
▷ᑠ㐣๫⫘㦵 %(n) 12.9 (5) 15.6 (7) 11.8 (3) 5.6 (2) 22.5 (10) 28.2 (13) 12.7 (7) 
⭜᳝௝᳝໬ %(n)  1.7 (1)     
⭜᳝ᩘኚ␗ %(n)     42.4 (17) 4.4 (2) 24.9 (12) 
௝᳝⭜᳝໬ %(n)     5.2 (2)  
SP㸸ឤཷᮇࠊ%㸸ྠ⭡ඣ༢఩ࡢᖹᆒ್ࠊ(n)㸸ኚ␗Ⓨ⏕⫾ඣᩘࠊ–㸸ኚ␗࡞ࡋࠊ 
s㸸ᑐ↷⩌࡜ࡢ㛫࡟᭷ពᕪ᭷ࡾ(p0.05ࠊShirley-Williams᳨ᐃ)  
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ࢺ࢟ࢩࢥ࢟ࢿࢸ࢕ࢡࢫ 
⾑₢୰ࡢࢧࣜࢻ࣐࢖ࢻ⃰ᗘࡢ Cmax (⾑₢୰⃰ᗘࡢ᭱㧗್)࠾ࡼࡧ AUC0-24h (⸆≀ᢞ୚࠿ࡽ 24᫬
㛫ᚋࡲ࡛ࡢ⾑୰⃰ᗘ㸫᫬㛫᭤⥺ୗ㠃✚ࠊ⸆≀ࡢ྾཰㔞ࡢᣦᶆ)ࡣࠊ୧⣔⤫࡜ࡶ⏝㔞࡟౫Ꮡࡋ࡚ቑຍ
ࡋࠊKbl:JW⣔⤫ࡢ 150 mg/kg௨ୖࡢᢞ୚⩌ࡢ Tmax (ᢞ୚ᚋ࡟⾑₢୰⃰ᗘࡀ᭱㧗್ࢆ♧ࡋࡓ᥇⾑᫬
Ⅼ)ࡣࡸࡸᘏ㛗ࡋࡓ(Table 2-2-11࠾ࡼࡧ Fig. 2-2-1)ࠋKbl:JW࠾ࡼࡧ Kbl:NZW⣔⤫࡞ࡽࡧ࡟ྛዷፎ᪥
ࡢ㛫࡟ࡣࠊྠ୍ࡢᢞ୚㔞࡛ࡣ TmaxࠊCmax࠾ࡼࡧ AUC0-24h࡟㛵ࡋ࡚᫂ࡽ࠿࡞ᕪࡣ࡞࠿ࡗࡓࠋᚑࡗ
࡚ࠊ⫾ඣṚஸࡸᅄ⫥ࠊ⫵࠾ࡼࡧᑿࡢወᙧⓎ⏕㢖ᗘ࡞࡝࡛ࡳࡽࢀࡓ⣔⤫ᕪࡣࠊࢧࣜࢻ࣐࢖ࢻࡢ⾑₢
୰⃰ᗘࡢ㐪࠸࡟ࡼࡿࡶࡢ࡛ࡣ࡞࠸࡜⪃࠼ࡽࢀࡓࠋ 
Cmax ࠾ࡼࡧ AUC0-24hࡢቑຍࡢ⛬ᗘࡣࠊ୧⣔⤫࡜ࡶ⏝㔞ẚࡼࡾప࠿ࡗࡓࠋࡑࡢᶵᗎࡣ୙࡛᫂࠶
ࡿࡀࠊ୍⯡ⓗ࡟ࡣࠊ྾཰ࡢ㣬࿴ࡸ⾑₢⺮ⓑ⤖ྜࡢ㣬࿴ࡀ⪃࠼ࡽࢀࡿࠋ 
 
  
Table 2-2-11 SPヨ㦂ࡢࢺ࢟ࢩࢥ࢟ࢿࢸ࢕ࢡࢫࣃ࣓࣮ࣛࢱ࣮ 
⣔⤫ Kbl:JW Kbl:NZW 
ᢞ୚㔞 (mg/kg/᪥) 50 150 300 150 300 
 ዷፎື≀ᩘ 4 4 4 4 5 
ዷፎ 7᪥ Tmax (hr) § 4.3r2.9 8.0r0.0 8.0r0.0 8.0r0.0 6.6r3.1 
 Cmax (ȝg/mL) § 5.65r1.46 13.90r3.60 16.76r3.25 13.21r3.37 16.59r2.39 
 AUC0-24h (ȝg·hr/mL) § 73.8r14.4 210.9r63.1 284.8r25.7 191.7r34.5 307.4r25.3 
 ዷፎື≀ᩘ 3 4 4 3 4 
ዷፎ 9᪥ Tmax (hr) § 4.7r3.1 7.0r2.0 7.0r2.0 8.0r0.0 6.3r3.5 
 Cmax (ȝg/mL) § 5.82r0.75 12.14r0.69 17.74r2.36 13.65r2.64 16.15r2.46 
 AUC0-24h (ȝg·hr/mL) § 82.8r6.5 189.7r9.3 313.7r46.3 195.5r21.9 304.1r16.0 
 ዷፎື≀ᩘ 4 4 3 4 3 
ዷፎ 11᪥ Tmax (hr) § 6.0r2.3 8.0r0.0 13.3r9.2 8.0r0.0 8.0r0.0 
 Cmax (ȝg/mL) § 5.45r0.47 11.36r1.79 12.68r1.20 12.81r2.38 18.76r0.36 
 AUC0-24h (ȝg·h/mL) § 77.6r8.0 164.1r24.6 269.2r7.9 182.8r32.7 312.3r32.1 
SP㸸ឤཷᮇࠊ§㸸ᖹᆒ್±ᶆ‽೫ᕪ 
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Fig. 2-2-1 SPヨ㦂ࡢ⾑₢୰⸆≀⃰ᗘ 
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2-2-4 ⪃ᐹ 
 
⫾ඣṚஸ 
EFDヨ㦂࡛ࡣࠊ୧⣔⤫࡛⫾ඣṚஸࡀቑຍࡋࡓࡀࠊKbl:NZW⣔⤫ࡢṚஸ⋡ࡣ Kbl:JW⣔⤫ࡼࡾࡶ
㧗࠿ࡗࡓࠋSPヨ㦂࡛ࡣ Kbl:NZW⣔⤫ࡢṚஸ⋡ࡀዷፎ 7-8᪥ࡢ 300 mg/kg⩌࡛ቑຍࡋࡓࡀࠊKbl:JW
⣔⤫ࡢṚஸ⋡࡟ࡣᙳ㡪ࡀ࡞࠿ࡗࡓࠋᚑࡗ࡚ࠊࢧࣜࢻ࣐࢖ࢻࡢ⬇㺃⫾ඣ⮴Ṛస⏝ࡣࠊKbl:NZW ⣔⤫
ࡢ᪉ࡀ Kbl:JW⣔⤫ࡼࡾࡶᙉ࠸࡜⪃࠼ࡽࢀࡓࠋ 
 
⫾ඣወᙧᴫせ 
୧⣔⤫࡟࠾࠸࡚ࠊEFDヨ㦂࡛Ⓨ⏕ࡋࡓእ⾲ࠊෆ⮚࠾ࡼࡧ㦵᱁␗ᖖࡢ✀㢮ࡣࠊ࡯ࡰ୍⮴ࡋ࡚࠾ࡾࠊ
SPヨ㦂࡛ࡣࠊྠ✀ࡢወᙧࡀྠ୍ࡢᢞ୚㔞࠾ࡼࡧᢞ୚ᮇ㛫࡟࠾࠸࡚ㄏⓎࡉࢀࡓࠋࡋ࠿ࡋ࡞ࡀࡽࠊᅄ
⫥ࠊᑿ࠾ࡼࡧ⫵࡞࡝࡛࠸ࡃࡘ࠿ࡢወᙧⓎ⏕㢖ᗘ࡟┦㐪ࡀࡳࡽࢀࡓࠋ 
 
ᅄ⫥ወᙧ 
EFD࠾ࡼࡧ SPヨ㦂࡟࠾࠸࡚ Kbl:JW⣔⤫࡛ࡣࠊ๓⫥ࡢ␗ᖖᅇ㌿ᡭࡸᶨ㦵ࡢḞᦆ࠾ࡼࡧ▷ᑠࡢⓎ
⏕㢖ᗘࡀᚋ⫥ࡢ␗ᖖᅇ㌿ᡭࡸ⬯㦵ࡢḞᦆ࠾ࡼࡧ▷ᑠࡢⓎ⏕㢖ᗘࡼࡾࡶ㧗࠿ࡗࡓࠋᯇཎࡽࡣࠊ300 
mg/kgࡢࢧࣜࢻ࣐࢖ࢻࢆዷፎ 6-18᪥࡟ᢞ୚ࡋࡓ JW⣔⤫(⏕⏘⪅㸸ࢭࣈࣥ⏘ᴗᰴᘧ఍♫)ࡢ⫾ඣ࡟࠾
࠸࡚ᡃࠊ ࠎࡢヨ㦂࡟࠾ࡅࡿ␗ᖖᅇ㌿ᡭ(๓⫥)࡟┦ᙜࡍࡿ๓⫥ᣊ⦰ࡀ 51.8%(18/35⫾ඣ)ࠊ␗ᖖᅇ㌿ᡭ
(ᚋ⫥)࡟┦ᙜࡍࡿෆ཯㊊ࡀ 28.6%(10/35 ⫾ඣ)ࡢ⫾ඣ࡟ࡳࡽࢀࡓࡇ࡜ࢆሗ࿌ࡋࡓ(Matsubara ࡽ 1983
ᖺ)ࠋࡇࡢ๓⫥ᣊ⦰࡜ෆ཯㊊ࡢⓎ⏕㢖ᗘࡢ㐪࠸ࡣࠊEFDヨ㦂࡛ Kbl:JW⣔⤫࡟ࡳࡽࢀࡓ๓⫥࠾ࡼࡧ
ᚋ⫥ࡢ␗ᖖᅇ㌿ᡭࡢⓎ⏕㢖ᗘࡢ㐪࠸࡟㢮ఝࡋ࡚࠸ࡓࠋChristianࡽࡣࠊ180 mg/kgࡢࢧࣜࢻ࣐࢖ࢻࢆ
ዷፎ7-19᪥࡟ᢞ୚ࡋࡓHra:(NZW)⣔⤫ࡢ⫾ඣ࡟࠾࠸࡚ᶨࠊ 㦵▷ᑠ(๓⫥ወᙧ)ࡀ142⫾ඣ୰13౛࡟ࠊ
኱⭣㦵▷ᑠࠊ⬯㦵ኚᙧ࠾ࡼࡧ⭌㦵‴᭤(ᚋ⫥ወᙧ)ࡀࡑࢀࡒࢀࠊ142 ⫾ඣ୰ 11ࠊ8 ࠾ࡼࡧ 22 ౛࡟ࡳ
ࡽࢀࡓࡇ࡜ࢆሗ࿌ࡋࡓ(Christianࡽ 2007ᖺ)ࠋࡇࢀࡽࡢ㦵᱁ወᙧࡢ๓⫥࡜ᚋ⫥ࡢ㢖ᗘᕪࡣࠊᡃࠎࡢ
EFDヨ㦂ࡢ Kbl:NZW⣔⤫ࡢ㢖ᗘ࡟㢮ఝࡋ࡚࠸ࡓࠋᚑࡗ࡚ࠊJWࡢ᪉ࡀ NZW࢘ࢧࢠ࡟ẚ࡭࡚ࢧࣜ
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ࢻ࣐࢖ࢻᢞ୚࡟ࡼࡗ࡚␗ᖖᅇ㌿ᡭ(๓⫥)࡞ࡽࡧ࡟ᶨ㦵▷ᑠ࠾ࡼࡧḞᦆ࡞࡝ࡢ๓⫥ወᙧࢆⓎ⏕ࡋࡸ
ࡍ࠸࡜⪃࠼ࡽࢀࡓࠋ 
 
ᑿወᙧ 
EFD ࠾ࡼࡧ SP ヨ㦂࡜ࡶእ⾲␗ᖖ࡛࠶ࡿ▷ᑿࡢⓎ⏕㢖ᗘࡸᑿ᳝ᙧែ␗ᖖࠊᑿ᳝⒵ྜ࠾ࡼࡧᑿ᳝
య㓄ิ␗ᖖ࡞࡝ࡢᑿࡢወᙧࡢྜィࡢⓎ⏕㢖ᗘࡣࠊKbl:JW ࡢ᪉ࡀ Kbl:NZW ⣔⤫ࡼࡾࡶ㧗࠿ࡗࡓࠋ
ᚑࡗ࡚ࠊᑿࡢወᙧࡣ Kbl:JW⣔⤫࡛ࡼࡾㄏⓎࡉࢀࡸࡍ࠸࡜⪃࠼ࡽࢀࠊKbl:JW⣔⤫ࡣ Kbl:NZW⣔⤫
࡜ẚ࡭࡚ࡇࡢ✀ࡢወᙧࢆ᳨ฟࡍࡿࡢ࡟᭷⏝࡞ྍ⬟ᛶࡀ࠶ࡿࠋࡋ࠿ࡋ࡞ࡀࡽࠊJWࡢᑿࡢወᙧࡢⓎ⏕
㢖ᗘࡀᖖ࡟ NZW࢘ࢧࢠࡼࡾࡶ㧗್ࢆ♧ࡍࢃࡅ࡛ࡣ࡞࠸ࠋ౛࠼ࡤࠊ300 mg/kgࡢࢧࣜࢻ࣐࢖ࢻࢆዷ
ፎ 8-15᪥࡟ᢞ୚ࡋࡓ JW⣔⤫(⏕⏘⪅୙᫂)࡟࠾࠸࡚ 18.2%(8/44౛)ࡢ⫾ඣ࡟▷ᑿࡀほᐹࡉࢀࡓࡇ࡜
ࡀụ⏣ࡽ࡟ࡼࡗ࡚ሗ࿌ࡉࢀ࡚࠸ࡿ(Ikedaࡽ 1965ᖺ)ࠋࡲࡓࠊNZW࢘ࢧࢠ࡛ࡣࠊ180 mg/kgࡢࢧࣜ
ࢻ࣐࢖ࢻࢆዷፎ 7-19 ᪥࡟ᢞ୚ࡋࡓ Hra:(NZW)⣔⤫ࡢ 142 ⫾ඣ୰ࠊ▷ᑿࡀ 69 ౛ࠊᑿ᳝㓄ิ␗ᖖࡀ
53 ౛ࠊᑿ᳝⒵ྜࡀ 54 ౛࡟ほᐹࡉࢀ࡚࠸ࡿ(Christian ࡽ 2007 ᖺ)ࠋᚑࡗ࡚ࠊᑿࡢወᙧࡢⓎ⏕㢖ᗘࡣ
JW࡜NZW࢘ࢧࢠࡢᕪ࡟㛵㐃ࡋ࡚࠸ࡿࡢ࡛ࡣ࡞ࡃಶࠎࡢ⣔⤫࠶ࡿ࠸ࡣ⏕⏘⪅࡟⏤᮶ࡋ࡚࠸ࡿྍ⬟
ᛶࡀ࠶ࡿࠋ 
 
⫵ወᙧ࠾ࡼࡧኚ␗ 
⫵୰㛫ⴥḞᦆ࠾ࡼࡧᑠᆺ໬ࡢྜィࡢⓎ⏕㢖ᗘࡣࠊEFD࠾ࡼࡧ SPヨ㦂࡟࠾࠸࡚ Kbl:NZW⣔⤫ࡀ
Kbl:JW⣔⤫ࡼࡾࡶ㧗࠸ഴྥࢆ♧ࡋࡓࠋKbl:JW⣔⤫࡟㛵ࡍࡿᡃࠎࡢ 20ᖺ௨ୖࡢ⫼ᬒࢹ࣮ࢱ࡟࠾࠸
࡚ࠊ⫵୰㛫ⴥḞᦆࡣ 1⫾ඣࠊ⫵୰㛫ⴥᑠᆺ໬ࡣ 2⫾ඣ࡟ࡋ࠿ほᐹࡉࢀ࡚࠸࡞࠸(Table 2-1-4࠾ࡼࡧ
5)ࠋ୍᪉࡛ࠊEFD ヨ㦂ࡢᑐ↷⩌࡛⫵୰㛫ⴥḞᦆࡣ Kbl:NZW ⣔⤫ࡢ 19 ⫾ඣ୰ 6 ౛࡛ࡳࡽࢀࠊ
Hsdlf:NZW⣔⤫ࢆ౑⏝ࡋࡓ E7115 (㐀ᙳ๣࡛࠶ࡿ࢞ࢻ࣋ࣥ㓟ࢪ࣓ࢢ࣑ࣝࣥ〇๣)ࡢ EFDヨ㦂࡟࠾࠸
࡚ࠊ୰㛫⏝㔞⩌ࡢ 156⫾ඣ୰ 3౛࡜ప⏝㔞⩌ࡢ 148⫾ඣ୰ 1౛࡛ࡶほᐹࡉࢀ࡚࠸ࡿ(Okudaࡽ 1999
ᖺ)ࠋࡇࡢᡤぢࡣᑐ↷⩌࡟ࡣࡳࡽࢀ࡚࠸࡞࠸ࡀࠊ⏝㔞┦㛵ᛶࡀ࡞ࡃࠊOkudaࡽࡢ⫼ᬒࢹ࣮ࢱ࡟ࡶࡳ
ࡽࢀ࡚࠸ࡿࡇ࡜࠿ࡽࠊᢞ୚㉳ᅉ࡛ࡣ࡞࠸࡜ุ᩿ࡉࢀ࡚࠸ࡿࠋ⫵୰㛫ⴥḞᦆࡣࠊHra:(NZW)⣔⤫ࡢ
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EFDヨ㦂ࡢᑐ↷⩌ࡢ 200⫾ඣ୰ 2౛࡛ࡶほᐹࡉࢀࡓ(Christianࡽ 2007ᖺ)ࠋࡇࢀࡽࡢ⤖ᯝࡣࠊNZW
࢘ࢧࢠ࡟࠾ࡅࡿ⫵୰㛫ⴥḞᦆ࠾ࡼࡧᑠᆺ໬ࡢ⮬↛Ⓨ⏕㢖ᗘࡀ JW ⣔⤫ࡼࡾࡶ㧗࠸ࡇ࡜ࢆ♧၀ࡋ࡚
࠸ࡿࠋᚑࡗ࡚ࠊࢧࣜࢻ࣐࢖ࢻᢞ୚࡟ࡼࡾㄏⓎࡉࢀࡓ⫵୰㛫ⴥḞᦆ࠾ࡼࡧᑠᆺ໬ࡢྜィࡢⓎ⏕㢖ᗘ
ࡢ┦㐪ࡣࠊ㑇ఏⓗ⫼ᬒ࡟ᇶ࡙ࡃ⮬↛Ⓨ⏕㢖ᗘࡢ⣔⤫ᕪ࡟㉳ᅉࡋࡓྍ⬟ᛶࡀ࠶ࡿࠋ୍᪉࡛ࠊ⫵ⴥ㛫
⿣పᙧᡂࡢ EFDヨ㦂࡛ࡢⓎ⏕㢖ᗘࡣ Kbl:JW⣔⤫ࡢ᪉ࡀ Kbl:NZW⣔⤫ࡼࡾࡶ㧗࠿ࡗࡓࡀࠊࡇࡢഴ
ྥࡣ SPヨ㦂࡛ࡣ෌⌧ࡉࢀ࡚࠸࡞࠸ࡇ࡜࠿ࡽᮏ㉁ⓗ࡞⣔⤫ᕪ࡛ࡣ࡞࠸࡜⪃࠼ࡽࢀࡓࠋ 
 
ᶓ㝸⭷࣊ࣝࢽ࢔ 
EFDヨ㦂࡟࠾ࡅࡿ Kbl:NZW⣔⤫ࡢᶓ㝸⭷࣊ࣝࢽ࢔ࡢⓎ⏕㢖ᗘࡣࠊKbl:JW⣔⤫ࡼࡾࡶ㧗್ഴྥ
ࢆ♧ࡋࠊSPヨ㦂࡛ࡣࠊࡇࡢᡤぢࡣ Kbl:NZW⣔⤫ࡢዷፎ 7-8࠾ࡼࡧ 9-10᪥ᢞ୚⩌࡟ࡋ࠿ࡳࡽࢀ࡞
࠿ࡗࡓࠋࡇࡢᡤぢࡣ 50࠾ࡼࡧ 150 mg/kgࢆᢞ୚ࡋࡓᡃࠎࡢணഛⓗ࡞ EFDヨ㦂(ࢹ࣮ࢱᥦ♧ࡏࡎ)࡛
ࡣࡳࡽࢀ࡞࠿ࡗࡓࡀࠊ180 mg/kg ࡢࢧࣜࢻ࣐࢖ࢻࢆዷፎ 7-19 ᪥࡟ᢞ୚ࡋࡓ Hra:(NZW)⣔⤫ࡢ 142
⫾ඣ୰ 14౛࡟ほᐹࡉࢀࡓ(Christianࡽ 2007ᖺ)ࠋᚑࡗ࡚ࠊࢧࣜࢻ࣐࢖ࢻᢞ୚࡟㉳ᅉࡋࡓᶓ㝸⭷࣊ࣝ
ࢽ࢔ࡣ NZW⣔⤫࡛Ⓨ⏕ࡋࡸࡍ࠸࡜⪃࠼ࡽࢀࡓࠋ 
 
⫶ወᙧ 
EFDヨ㦂࡟࠾࠸࡚⫶ᑠᆺ໬ࡀ Kbl:NZW⣔⤫ࡢ⣙༙ᩘ౛ࡢ⫾ඣ࡛ほᐹࡉࢀࡓࡀࠊKbl:JW⣔⤫ࡢ
⫾ඣ࡟ࡣࡳࡽࢀࡎࠊSP ヨ㦂࡛ࡣ୧⣔⤫࡜ࡶㄏⓎࡉࢀ࡞࠿ࡗࡓࠋKbl:JW ⣔⤫࡛ᮏᡤぢࡀࡳࡽࢀ࡞
࠿ࡗࡓཎᅉࡣ୙࡛᫂࠶ࡿࡀࠊྠᵝࡢᡤぢࡣࠊ200 mg/kgࢆዷፎ 8-11᪥࡟ᢞ୚ࡋࡓࣄ࣐ࣛࣖࣥ࢘ࢧ
ࢠ࡛⫶పᙧᡂ࡜ࡋ࡚グ㘓ࡉࢀ࡚࠸ࡿ(Sterzࡽ 1987ᖺ)ࠋᚑࡗ࡚ࠊᮏᡤぢࡣࢧࣜࢻ࣐࢖ࢻࡢ཯᚟ᢞ୚
࡟ࡼࡗ࡚Ⓨ⏕ࡋࠊKbl:NZW⣔⤫࡟≉␗ⓗ࡞␗ᖖ࡛ࡣ࡞࠸࡜⪃࠼ࡽࢀࡓࠋ 
 
௚ࡢወᙧ࠾ࡼࡧኚ␗ 
EFD ヨ㦂࡛ࡣࠊእ⬻࠾ࡼࡧ㧊⭷⬻⒗࡞࡝ࡢ⚄⤒⟶Ḟᦆࡀ Kbl:JW ࢘ࢧࢠ࡟ࡢࡳⓎ⏕ࡋࡓࠋࡋ࠿
ࡋ࡞ࡀࡽ SPヨ㦂࡛ࡣ୧⣔⤫࡛⚄⤒⟶Ḟᦆࡀほᐹࡉࢀࡓࠋ║㒊㝯㉳ᡥᖹ࠾ࡼࡧᑠ㢡ࡣ EFDヨ㦂࡟
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࠾࠸࡚ Kbl:NZW࢘ࢧࢠ࡟ࡢࡳㄏⓎࡉࢀࡓࡀࠊ║㒊㝯㉳ᡥᖹ࡟㛵㐃ࡍࡿᑠ║ࡣ୧⣔⤫࡟࠾࠸࡚ EFD
ヨ㦂࠾ࡼࡧ SPヨ㦂ࡢ 300 mg/kgࡢዷፎ 7-8᪥ᢞ୚⩌࡛ࡳࡽࢀࠊᑠ㢡ࡣ SPヨ㦂࡛ࡣ Kbl:JW࢘ࢧࢠ
ࡢ 150 mg/kg ⩌࡟ࡢࡳほᐹࡉࢀࡓࠋᚑࡗ࡚ࠊࡇࢀࡽࡢⓎ⏕㢖ᗘࡢᕪࡣ୧ヨ㦂㛫ࡢࡤࡽࡘࡁࡢ⠊ᅖ
ෆ࡟ྵࡲࢀ࡚࠾ࡾࠊ⣔⤫ᕪࢆ♧၀ࡍࡿኚ໬࡛ࡣ࡞࠸࡜⪃࠼ࡽࢀࡓࠋ 
SPヨ㦂࡛ࡣࠊKbl:JW࢘ࢧࢠࡢ 150 mg/kgࡢዷፎ 7-8᪥ᢞ୚⩌࡟࠾ࡅࡿ↓⬻ࠊ㧊⭷⒗ࠊỈ㢌࡞ࡽ
ࡧ࡟㢌⵹㦵࠾ࡼࡧ㢌㒊⦭ྜࡢᙧែ␗ᖖ࡞࡝ࡢ㢌㒊ወᙧ࡞ࡽࡧ࡟ྠ⣔⤫ࡢ 300 mg/kgࡢዷፎ 9-10᪥
ᢞ୚⩌࡟࠾ࡅࡿḞᣦ࠾ࡼࡧᣦ⠇㦵Ḟᦆ࡞࡝ࡢᣦወᙧࡢⓎ⏕㢖ᗘࡀ Kbl:NZW ࢘ࢧࢠࡼࡾ㧗್ࢆ♧
ࡋࡓ୍ࠋ ᪉ࠊSPヨ㦂ࡢࡑࡢ௚ࡢᢞ୚㔞ࡸ EFDヨ㦂ࡢ⤖ᯝ࡟᫂☜࡞Ⓨ⏕㢖ᗘࡢᕪࡣ࡞࠸ࡇ࡜࠿ࡽࠊ
ࡇࢀࡽࡢ┦㐪ࡣ⣔⤫ᕪࢆ♧၀ࡍࡿࡶࡢ࡛ࡣ࡞࠸࡜ุ᩿ࡋࡓࠋ 
SPヨ㦂࡛ࡣࠊKbl:NZW࢘ࢧࢠࡢዷፎ 9-10᪥ᢞ୚ࡢࢧࣜࢻ࣐࢖ࢻᢞ୚⩌ࡢྜィࡢኚ␗Ⓨ⏕㢖ᗘ
࠾ࡼࡧ᏶඲㐣๫⫘㦵ࡢⓎ⏕㢖ᗘࡀᑐ↷⩌࡟ẚ࡭࡚᭷ព࡟ῶᑡࡋࠊᢞ୚⩌࡟⭜᳝ᩘኚ␗ࡣほᐹࡉࢀ
࡞࠿ࡗࡓࠋࡋ࠿ࡋ࡞ࡀࡽࠊࡇࢀࡽࡢኚືࡣࠊKbl:NZW࢘ࢧࢠࡢ EFDヨ㦂࠾ࡼࡧ Kbl:JW࢘ࢧࢠࡢ
ヨ㦂࡟ࡣㄆࡵࡽࢀࡎࠊ෌⌧ᛶࢆకࢃ࡞࠸⏕≀Ꮫⓗ࡟㔜せᛶࡢஈࡋ࠸ኚ໬࡜⪃࠼ࡽࢀࡓࠋ 
 
ឤཷᮇ࡜⤌⧊࠾ࡼࡧჾᐁⓎ⏕࡜ࡢ㛵㐃ᛶ 
㢌㒊ࠊᑿ㒊࠾ࡼࡧᚰ⾑⟶⣔ࡢወᙧࡢឤཷᮇࡣࠊࡑࢀࡽࡢ⤌⧊࠶ࡿ࠸ࡣჾᐁࡢึᮇⓎ⏕ẁ㝵࡛࠶
ࡿཎጞ⥺᮲ࠊ⚄⤒ᯈࠊᑿⱆ࠾ࡼࡧ୧ഃᛶᚰཎᇶ࡞࡝ࡢⓎ⏕᫬ᮇ࡜୍⮴ࡍࡿ࡜⪃࠼ࡽࢀࡓ(Ronald 
2006 ᖺ)ࠋ␗ᖖᅇ㌿ᡭࠊᶨ㦵࠾ࡼࡧ⬯㦵ࡢḞᦆ࠶ࡿ࠸ࡣ▷ᑠ࡞࡝ࡢᅄ⫥ወᙧࡢឤཷᮇࡣዷፎ 9-10
᪥࡛࠶ࡿࡀࠊ࢘ࢧࢠ࡛ࡣ๓⫥ⱆ࠾ࡼࡧᚋ⫥ⱆࡢᙧᡂࡣࡑࢀࡒࢀዷፎ 10.5-11.0 ᪥࡟ほᐹࡉࢀ 
(Ronald 2006ᖺ)ࠊᮏヨ㦂࡟࠾ࡅࡿወᙧឤཷᮇࡼࡾࡸࡸ㐜ࢀ࡚࠸ࡓࠋࡋ࠿ࡋ࡞ࡀࡽ Fgf8ࠊFgf10࠾
ࡼࡧ Twist࡞࡝ࡢᅄ⫥Ⓨ⏕࡟㛵㐃ࡍࡿ㑇ఏᏊࡣࠊዷፎ 10᪥ࡢ࢘ࢧࢠ⬇ࡢ㐍⾜ᖏ࠶ࡿ࠸ࡣእ⬇ⴥᛶ
㡬ሐ࡟࠾࠸᳨࡚ฟࡉࢀ(Hansen ࡽ 2002 ᖺ)ࠊᅄ⫥Ⓨ⏕ࡣዷፎ 10 ᪥௨๓࡟ጞࡲࡗ࡚࠸ࡿ࡜⪃࠼ࡽࢀ
ࡓࠋᣦወᙧࡢឤཷᮇࡣዷፎ 9-10᪥࡛࠶ࡾࠊࡇࡢ᫬Ⅼ࡛ࡣᣦᵝࡢᵓ㐀ࡣほᐹࡉࢀ࡞࠸ࡇ࡜࠿ࡽࠊᣦ
ࡢᙧᡂࡀጞࡲࡿ௨๓࡟ࢧࣜࢻ࣐࢖ࢻ࡟ឤཷᛶࡀ࠶ࡿ㐣⛬ࡀᏑᅾࡍࡿࡇ࡜ࡀ♧၀ࡉࢀࡓࠋ⫵ࡢወᙧ
ឤཷᮇࡣዷፎ 7-12᪥࡛࠶ࡾࠊ࡯࠿ࡢወᙧ࡟ẚ࡭࡚㛗࠿ࡗࡓึࠋ ᮇࡢ⫵᠁ᐊࡣዷፎ 10.5᪥࡟ㄆࡵࡽ
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ࢀࠊ୺せ࡞Ẽ⟶ᨭࡢศ㞳ࡣዷፎ 15᪥࡟ほᐹࡉࢀࡿ(Ronald 2006ᖺ)ࠋ⌮⏤ࡣ୙࡛᫂࠶ࡿࡀࠊ⫵Ⓨ⏕
ࡣࠊ㢌㒊ࠊᅄ⫥ࠊᣦ࠾ࡼࡧᑿࡢወᙧ࡜ࡣ␗࡞ࡾࠊࢧࣜࢻ࣐࢖ࢻ࡟ࡼࡾ㛗ᮇ㛫࡟ࢃࡓࡗ࡚㐃⥆ⓗ࡟
ᙳ㡪ࡉࢀࡿࡶࡢ࡜⪃࠼ࡽࢀࡓࠋ 
ୖグࡢወᙧ࡟࠾࠸࡚ࠊᅄ⫥ࠊᑿ࠾ࡼࡧ⫵࡟ࡣࢧࣜࢻ࣐࢖ࢻᢞ୚࡟ࡼࡗ࡚ㄏⓎࡉࢀࡿወᙧⓎ⏕㢖
ᗘ࡟⣔⤫ᕪࡀᏑᅾࡋࡓࠋࡋ࠿ࡋ࡞ࡀࡽࠊ⣔⤫ᕪࡣወᙧࡢⓎ⏕㢖ᗘ࡟㛵㐃ࡋ࡚࠾ࡾࠊወᙧࡢឤཷᮇ
࡟ᕪࡣ࡞࠿ࡗࡓࠋࡉࡽ࡟ Sivaraman ࡽࡣࠊ୺せ࡞ჾᐁᙧᡂࡢ㛤ጞ࡜⤊஢࡟┦ᙜࡍࡿ࡜⪃࠼ࡽࢀࡿ
╔ᗋ࠾ࡼࡧཱྀ⵹㛢㙐᫬ᮇࡣ JW ࡜ NZW ⣔⤫࡛ྠ➼࡛࠶ࡿࡇ࡜ࢆሗ࿌ࡋ࡚࠸ࡿ(Sivaraman ࡽ 2008
ᖺ)ࠋᚑࡗ࡚ࠊᮏヨ㦂࡛ࡳࡽࢀࡓ⣔⤫ᕪࡣࠊ⤌⧊࠶ࡿ࠸ࡣჾᐁࡢࢧࣜࢻ࣐࢖ࢻ࡟ᑐࡍࡿ཯ᛂᛶࡢ㐪
࠸࡟㉳ᅉࡍࡿࡶࡢ࡜⪃࠼ࡽࢀࡓࠋ 
 
 
JW࠾ࡼࡧ NZW࢘ࢧࢠ⣔⤫ࡢ㑇ఏⓗ⫼ᬒ 
NZW࠾ࡼࡧࢲࢵࢳ⣔⤫㛫࡟ࡣࠊ⪥ࠊ║ࠊ⫶ࠊ኱⭠ࠊ⭈⮚ࠊᚰ⮚ࠊ⫵࠾ࡼࡧ⾑⟶⣔࡞࡝࡛ࢧࣜࢻ
࣐࢖ࢻ࡟ࡼࡾㄏⓎࡉࢀࡓወᙧ࡟⣔⤫ᕪࡀࡳࡽࢀࡓ(Sawinࡽ 1965ᖺ)ࠋNZW࡜ࢲࢵࢳ࢘ࢧࢠ࡛ࡳࡽ
ࢀࡿ⣔⤫ᕪࡣࠊKbl:JW࡜ Kbl:NZW࢘ࢧࢠ㛫࡛ࡳࡽࢀࡿ⣔⤫ᕪࡼࡾࡶ㢧ⴭ࡛࠶ࡾࠊNZW࡜ࢲࢵࢳ
࢘ࢧࢠ㛫࡛ࡣ≉ᐃࡢወᙧⓎ⏕࡟ࡘ࠸࡚ࡢ᭷↓࡜࠸࠺㉁ⓗ࡞ᕪ␗ࡀ࠶ࡗࡓࡀࠊKbl:JW ࡜ Kbl:NZW
࢘ࢧࢠ㛫࡛ࡣ୺࡟ወᙧࡢⓎ⏕㢖ᗘࡢᕪ࡛࠶ࡾࠊࢧࣜࢻ࣐࢖ࢻ࡬ࡢឤཷᛶࡀ␗࡞ࡗ࡚࠸ࡓࠋ୍᪉ࠊ
⣔⤫ࡢ㑇ఏⓗ⫼ᬒ࡟㛵ࡋࠊᡃࠎࡀ▱ࡿ㝈ࡾࢲࢵࢳ࡜ NZW ࢘ࢧࢠ࡟ࡣ⣔⤫ୖࡢ㛵㐃ᛶࢆ♧၀ࡍࡿ
ᩥ⊩ࡣ࡞࠸ࡀࠊJW࢘ࢧࢠࡣᮏ㑥ࡢᅾ᮶✀࡜ NZW࠾ࡼࡧࣇ࣑ࣞࢵࢩࣗࢪࣕ࢖࢔ࣥࢺ࢘ࢧࢠ࠿ࡽస
ฟࡉࢀࡓࡇ࡜ࡀሗ࿌ࡉࢀ࡚࠸ࡿ(ᐙ␆ᨵⰋࢭࣥࢱ࣮㛗㔝∾ሙᴗົㄢ 2007 ᖺ)ࠋᚑࡗ࡚ࠊKbl:JW ࡜
Kbl:NZW࢘ࢧࢠ㛫ࡢ㍍ᗘ࡞⣔⤫ᕪࡣࠊ㑇ఏⓗ⫼ᬒࡢ㢮ఝᛶࢆ཯ᫎࡋ࡚࠸ࡿྍ⬟ᛶࡀ࠶ࡿࠋ 
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2-2-5 ⤖ㄽ 
 
ୡ⏺ⓗ࡟౑⏝ࡉࢀ࡚࠸ࡿ NZW ⣔⤫࡜ᮏ㑥࡛㢖⏝ࡉࢀ࡚࠸ࡿ:JW ⣔⤫࡟࠾࠸࡚ࠊࢧࣜࢻ࣐࢖ࢻ
ࢆჾᐁᙧᡂᮇ࡟ᢞ୚ࡋࡓᐇ㦂࠾ࡼࡧᮇ㛫ࢆศ๭ࡋ࡚ᢞ୚ࡋࡓᐇ㦂ࢆ⾜࠸ࠊ⬇࣭⫾ඣẘᛶࡢ⣔⤫㛫
ࡢ㐪࠸࡜ඹ㏻ᛶࢆẚ㍑᳨ウࡋࡓࠋࡑࡢ⤖ᯝࠊ୧⣔⤫࡛ࢧࣜࢻ࣐࢖ࢻ࡟ࡼࡾㄏⓎࡉࢀࡓᙧែ␗ᖖࡢ
ከࡃ࡟ࡘ࠸࡚ࠊࡑࡢ✀㢮࡜ឤཷᮇ࡟ࡘ࠸࡚ඹ㏻ᛶࡀㄆࡵࡽࢀࠊࢧࣜࢻ࣐࢖ࢻࡢദወᙧᛶࢆホ౯ࡍ
ࡿ࡜࠸࠺ほⅬ࠿ࡽࡣࠊ୧⣔⤫ࡢ᭷⏝ᛶࡣྠ➼࡛࠶ࡿ࡜⤖ㄽࡋࡓࠋࡋ࠿ࡋࠊ╔ᗋᚋṚஸ⋡ࠊ๓ᚋ⫥
ࡢወᙧࡸ⫵୰㛫ⴥࡢወᙧⓎ⏕㢖ᗘ࡞࡝ࠊ୍㒊ࡢ ᐃ㡯┠ࡸወᙧ࡟ࡘ࠸࡚ࡣ⣔⤫ᕪࡀࡳࡽࢀࠊ≉࡟
ࢧࣜࢻ࣐࢖ࢻ࡟ࡼࡗ࡚ㄏⓎࡉࢀࡿ๓⫥ወᙧㄏⓎ࣓࢝ࢽࢬ࣒ࡢゎᯒ࡟ࡣ Kbl:JW ࢘ࢧࢠࡢ᪉ࡀ᭷⏝
࡛࠶ࡿ࡜⪃࠼ࡽࢀࡓࠋ 
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➨ 3❶ ⫥ᙧᡂ㐣⛬࡛ാࡃ㑇ఏᏊࡢࢧࣜࢻ࣐࢖ࢻ࡟ࡼࡿⓎ⌧ኚ໬ 
 
3-1 Kbl:JW࢘ࢧࢠ⬇ࡢ⫥ⱆ࡟࠾ࡅࡿ Fgf8ࠊBmp4࠾ࡼࡧ Hoxa11ࡢⓎ⌧࡬ࡢࢧࣜࢻ࣐࢖ࢻࡢᙳ㡪 
 
Kbl:JW࢘ࢧࢠࢆ⏝࠸࡚ࠊ⫥ᙧᡂ࡟㔜せ࡞ാࡁࢆࡶࡘ 3✀㢮ࡢ㑇ఏᏊ(Fgf8ࠊBmp4ࠊHoxa11)ࡢ⬇
ࡢ⫥ⱆ࡛ࡢⓎ⌧࡟ࡘ࠸࡚ࢧࣜࢻ࣐࢖ࢻ࡟ࡼࡿᙳ㡪ࢆ᳨ウࡋࡓࠋ 
 
3-1-1 ⥴ゝ 
࢘ࢧࢠ࡟࠾ࡅࡿࢧࣜࢻ࣐࢖ࢻࡢദወᙧᛶ࡟ࡘ࠸࡚ࡣࠊ✀ࠎࡢ⣔⤫࡛ㄪ࡭ࡽࢀ࡚࠸ࡿࡀࠊࢧࣜࢻ
࣐࢖ࢻࢆᢞ୚ࡋࡓẕື≀࠿ࡽᚓࡽࢀࡓ࢘ࢧࢠ⬇(ࢧࣜࢻ࣐࢖ࢻ⬇)࡟࠾ࡅࡿࠊ⫥ᙧᡂ࡟㛵୚ࡍࡿ㑇ఏ
ᏊⓎ⌧࡟ࡘ࠸࡚ࡣ࡝ࡢ⣔⤫࡟࠾࠸࡚ࡶ༑ศ࡟ㄪ࡭ࡽࢀ࡚࠾ࡽࡎࠊNZW ࢘ࢧࢠ⬇ࡢ⫥ⱆ࡟࠾࠸࡚
Fgf8ࠊFgf10࠾ࡼࡧ TwistⓎ⌧ࡢኚ໬ࢆ᳨ฟࡋࡓሗ࿌ࡀ 1ࡘᏑᅾࡍࡿࡢࡳ࡛࠶ࡗࡓ(Hansenࡽ 2002
ᖺ)ࠋࡑࡢ௚ࡢື≀✀࡛ࡣ Fgf8࡟ࡘ࠸࡚ࡣࢮࣈࣛࣇ࢕ࢵࢩ࡛ࣗ(Itoࡽ 2010ᖺ)ࠊFgf8ࠊFgf10ࠊBmp4ࠊ
Bmp5ࠊBmp7ࠊDkk1ࠊIrs2ࠊTbx5 ࠾ࡼࡧ Sall4 ࡟ࡘ࠸࡚ࡣࢽ࣡ࢺࣜ⬇࡛(Ito ࡽ 2010 ᖺࠊKnobloch
ࡽ 2007ᖺࠊ2008ᖺ࠾ࡼࡧ 2011ᖺࠊKnobloch࠾ࡼࡧ Ruther 2008ᖺ) ࢧࣜࢻ࣐࢖ࢻ࡟ࡼࡿ⫥ⱆ࡛
ࡢⓎ⌧ࡢኚ໬ࡀሗ࿌ࡉࢀ࡚࠸ࡓࠋࡋ࠿ࡋ࡞ࡀࡽࠊJW⣔⤫ࡢ࢘ࢧࢠ࡛ࡣ⫥ᙧᡂ࡟㛵୚ࡍࡿ㑇ఏᏊࡢ
ኚ໬࡟ࡘ࠸࡚ࡣㄪ࡭ࡽࢀ࡚࠸࡞࠿ࡗࡓࡇ࡜࠿ࡽࠊᡃࠎࡣࠊࢧࣜࢻ࣐࢖ࢻ࡟ࡼࡿ๓⫥ወᙧࡢⓎ⏕㢖
ᗘࡀ Kbl:NZW࢘ࢧࢠࡼࡾࡶ㧗࠸ Kbl:JW࢘ࢧࢠࢆ⏝࠸࡚ࠊ⫥ᙧᡂ࡟㔜せ࡞ാࡁࢆࡶࡘ 3✀㢮ࡢ㑇
ఏᏊ(Fgf8ࠊBmp4ࠊHoxa11)ࡢ⫥ⱆ࡛ࡢⓎ⌧࡟ࡘ࠸࡚ࢧࣜࢻ࣐࢖ࢻࡢᙳ㡪ࢆ᳨ウࡋࡓࠋ 
⫥ᙧᡂ࡟࠾࠸࡚ Fgf8ࡣ⫥ⱆࡀᙧᡂࡉࢀጞࡵࡿ࡜୺࡟ AER࡛Ⓨ⌧ࡋࠊAERࡢ┤ୗ࡛ቑṪࡋ࡚⬇
ࡢ㐲఩᪉ྥ࡬ࡢᡂ㛗ࢆㄏᑟࡍࡿ㐍⾜ᖏࡢ⥔ᣢ࡟㛵୚ࡋ࡚࠸ࡿ(Fig. 3-1-1 A࠾ࡼࡧ B)ࠋFgf8ࡢⓎ⌧
ࡣࠊNZW ࢘ࢧࢠ࡟࠾࠸࡚ࢧࣜࢻ࣐࢖ࢻࡢᙳ㡪࡛ᮏ᮶࡞ࡽⓎ⌧ࡋ࡚࠸ࡿࡣࡎࡢዷፎ 10 ᪥⬇ࡢணᐃ
AER 㡿ᇦ࡟࠾࠸࡚Ⓨ⌧ࡀࡳࡽࢀࡎࠊዷፎ 12 ᪥࡟ࡣணᐃᴟᛶ໬ᇦᚋ㒊࡛ࡢⓎ⌧ࡀపୗࡍࡿࡇ࡜ࡀ
WISHἲ࡛ㄪ࡭ࡽࢀ࡚࠸ࡿ(Hansenࡽ 2002ᖺ)ࠋࡉࡽ࡟ࠊFgf8ࡢⓎ⌧ࡣࢧࣜࢻ࣐࢖ࢻ࡟ࡼࡾࢽ࣡ࢺ
ࣜ⬇ࡢ⫥ⱆ࡞ࡽࡧ࡟ࢮࣈࣛࣇ࢕ࢵࢩࣗࡢ㫅ⱆ࡛పୗࡍࡿࡇ࡜ࡀሗ࿌ࡉࢀ࡚࠸ࡿ(Knobloch ࡽ 2011
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ᖺࠊItoࡽ 2010ᖺ)ࠋ 
Bmp (Bmp2ࠊBmp4ࠊBmp7)ࡶึᮇ⫥ⱆⓎ⏕࡟࠾࠸࡚ AERࡢㄏᑟ࡟㛵㐃ࡋࠊࡑࡢᚋࠊAER࠾ࡼ
ࡧ㐍⾜ᖏ࡛Ⓨ⌧ࡋࠊࡑࡢᡂ㛗࡟ᑐࡋ࡚ᢚไⓗ࡟స⏝ࡍࡿ(Fig. 3-1-1 A࠾ࡼࡧ B)ࠋBmp㑇ఏᏊࡢ୰
࡛ Bmp4ࡢⓎ⌧ࡣࢧࣜࢻ࣐࢖ࢻࡢ᭚㟢࡟ࡼࡾࢽ࣡ࢺࣜ⬇ࡢ⫥ⱆ࡛ቑຍࡍࡿࡇ࡜ࡀ WISHἲ࡟ࡼࡗ
࡚♧ࡉࢀ࡚࠸ࡿ(Knoblochࡽ 2007ᖺ)ࠋ 
Hoxa11 ࡣࠊࡑࡢࣀࢵࢡ࢔࢘ࢺ࣐࢘ࢫ࡛ᑻ㦵࠾ࡼࡧᶨ㦵ࡢᙧែ␗ᖖࡀ⏕ࡌ(Small ࠾ࡼࡧ Potter 
1993ᖺ)ࠊHoxa11࠾ࡼࡧ Hoxd11ࡢࢲࣈࣝࣀࢵࢡ࢔࢘ࢺ࣐࢘ࢫ࡛ࡣࡼࡾ㢧ⴭ࡞㦵ࡢ▷⦰໬ࡀ㉳ࡇࡿ
ࡇ࡜ࡀሗ࿌ࡉࢀ࡚࠸ࡿ(Davis ࡽ 1995 ᖺ)ࠋᡃࠎࡢ▱ࡿ㝈ࡾࠊHox 㑇ఏᏊࡢ࢘ࢧࢠ⫥ⱆ࡛ࡢⓎ⌧࡟
㛵ࡍࡿሗ࿌ࡣ࡞࠸ࡀࠊKbl:JW࢘ࢧࢠ⫾ඣ࡛ࡣࢧࣜࢻ࣐࢖ࢻ࡟ࡼࡾᶨ㦵ࡢ▷ᑠ࠾ࡼࡧḞᦆࡀㄏⓎࡉ
ࢀࡿࡇ࡜࠿ࡽࠊHoxa11 㑇ఏᏊⓎ⌧ࡀኚ໬ࡍࡿྍ⬟ᛶࡀ࠶ࡿ࡜⪃࠼ࡽࢀࡓࠋHoxa11 㑇ఏᏊࡣ㌼⬮
㒊඲య࡛Ⓨ⌧ࡍࡿࡀࠊHoxd11ࡣᇶᮏⓗ࡟๓⫥࡛ࡣᑻ㦵ࠊᚋ⫥࡛ࡣ⭌㦵࡟㛵㐃ࡍࡿ㌼⬮㒊ࡢᚋ㒊ࢆ
つᐃࡍࡿࡼ࠺࡟Ⓨ⌧ࡍࡿ(Nelsonࡽ 1996ᖺ)ࠋࡲࡓࠊࢧࣜࢻ࣐࢖ࢻ࡟ࡼࡾ࢘ࢧࢠ⫾ඣ࡟ࡣḞᣦ࡞࡝
ࡢ⮬⬮㒊ࡢወᙧࡀㄏⓎࡉࢀࡿࡀࠊHoxd11ࡣ Hoxa11࡜␗࡞ࡾ⮬⬮㒊࡟ࡶᙉࡃⓎ⌧ࡍࡿࡇ࡜࠿ࡽࠊ
⮬⬮㒊ࡢወᙧ࡟㛵㐃ࡋࡓ㑇ఏᏊⓎ⌧ኚ໬࡜ࡢ༊ูࡀᅔ㞴࡜ண᝿ࡉࢀࡓ(Kamiyama ࡽ 2012 ᖺ)ࠋᚑ
ࡗ࡚ࠊࡇࡇ࡛ࡣ Hoxa11ࡢⓎ⌧࡟ࡘ࠸࡚ゎᯒࡍࡿࡇ࡜࡜ࡋࡓ(Fig. 3-1-2 A࠾ࡼࡧ B)ࠋ 
ᮏ◊✲ࡢ┠ᶆࡣࠊJW⣔⤫ࡢ࢘ࢧࢠࢆ⏝࠸࡚ࢧࣜࢻ࣐࢖ࢻࡢ๓⫥ወᙧㄏⓎస⏝ࢆ᪩ᮇ࡟ண ࡛ࡁ
ࡿ࣐࣮࣮࢝࡜࡞ࡾࠊࡉࡽ࡟ࡣᅄ⫥ወᙧࡢ࣓࢝ࢽࢬ࣒ࢆㄪ࡭ࡿᡭࡀ࠿ࡾ࡜࡞ࡾᚓࡿ㑇ఏᏊࡀ࡝ࢀ࠿
ࢆぢ࠸ࡔࡍࡇ࡜࡛࠶ࡿࠋ 
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Fig. 3-1-1 ᅄ⫥ࡢⓎ⏕࡟࠾ࡅࡿ Fgf࠾ࡼࡧ Bmpࡢᙺ๭ 
   
⫥ⱆ䜢⫼ഃ䛛䜙ほᐹ䛧䛯ሙྜ䛾ᶍᘧᅗ㻌
 
A: ഃᯈ୰⬇ⴥ࡟Ⓨ⌧ࡋࡓ Fgf10 ࡢస⏝࡟ࡼࡾእ⬇ⴥࡀ⫧ཌࡋࡣࡌࡵࡿࠋ⫧ཌ㒊ศࡢ⭡ഃ୰⬇
ⴥ࡛ Bmp (Bmp2ࠊBmp4ࠊBmp7) ࡀMsx2ࢆ௓ࡋ࡚እ⬇ⴥᛶ㡬ሐ(AER)ࡢᙧᡂࢆㄏᑟࡍࡿࠋ
ᙧᡂࡉࢀࡓ AER࡛ࡣ Fgf4࠾ࡼࡧ Fgf8ࡀⓎ⌧ࡍࡿࠋ 
 
B: AER࠿ࡽศἪࡉࢀࡿ Fgf4࠾ࡼࡧ Fgf8⺮ⓑ㉁࡟ࡼࡗ࡚㐍⾜ᖏ࡛ࡢ⣽⬊ศ⿣ࡀ⥔ᣢࡉࢀࠊ⫥ⱆ
ࡣ㐲఩㒊᪉ྥ࡟ఙ㛗ࡍࡿࠋAER࡜ࡑࡢ┤ୗࡢ㛫⤧⧊࡛Ⓨ⌧ࡍࡿ BmpࡣࠊFgf࡟ᑐࡋ࡚ᢚไ
ⓗ࡟స⏝ࡋࠊ㐣ᗘ࡞ AERࡢఙ㛗ࢆᢚ࠼ࡿࠋ 
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Fig. 3-1-2 Hoxa10-13࠾ࡼࡧ Hoxd10-13ࡢ⫥Ⓨ⏕࡬ࡢ㛵୚ 
⫥ⱆ䜢⫼ഃ䛛䜙ほᐹ䛧䛯ሙྜ䛾ᶍᘧᅗ㻌
 
 
 
 
 
 
 
 
Hoxa10࠾ࡼࡧ Hoxd10㑇ఏᏊࡣᇶ⬮㒊㸫⮬⬮㒊ࠊHoxa11ࠊHoxd11࠾ࡼࡧ Hoxd12㑇ఏᏊࡣ 
㌼⬮㒊㸫⮬⬮㒊ࠊHoxa13㑇ఏᏊࡣ⮬⬮㒊ࡢᙧᡂ࡟㛵୚ࡍࡿࠋ(ᇶ⬮㒊㸸ୖ⭎㦵࡞࡝ࠊ㌼⬮㒊㸸
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3-1-2 ᐇ㦂᪉ἲ 
 
ື≀࠾ࡼࡧ㣫⫱᮲௳ 
Kbl:JW࢘ࢧࢠࡣ໭ᒣࣛ࣋ࢫᰴᘧ఍♫࠿ࡽ㉎ධࡋࡓࠋᮍ⤒⏘㞤ࢆ㞝࡜ 1ᑐ 1࡛༗๓୰࡟஺㓄ࡉࡏ
ࡓࠋ஺ᑿ☜ㄆ᪥ࢆዷፎ 0 ᪥࡜ᐃ⩏ࡋࡓࠋື≀ࡣࠊྞࡾୗࡆᆺࡢ㔠ᒓ〇⥙ᗏࢣ࣮ࢪࢆ⏝࠸࡚ື≀ᐊ
࡛ಶู㣫⫱ࡋࡓࠋᐊ ࡣ 20-26Υࠊ┦ᑐ‵ᗘࡣ 40-80㸣ࠊ᥮Ẽᅇᩘࡣ 1᫬㛫ᙜࡓࡾ 6-25ᅇࠊ↷᫂࿘
ᮇ(12 ᫬㛫)ࡣ 7:00-19:00(᫂ᮇ)࡟タᐃࡋࡓࠋື≀ࡣỈ㐨Ỉ࠾ࡼࡧᐇ㦂ື≀⏝㣫ᩱ(LRC4ࠊ࢚࢜ࣜࣥ
ࢱࣝ㓝ẕᰴᘧ఍♫〇ࠊ࣐࢞ࣥ⥺⁛⳦)ࢆ⮬⏤࡟ᦤྲྀࡉࡏࡓࠋ 
 
ࢧࣜࢻ࣐࢖ࢻ࠾ࡼࡧᢞ୚᪉ἲ 
ࢧࣜࢻ࣐࢖ࢻࡣ࿴ග⣧⸆ᕤᴗᰴᘧ఍♫࠿ࡽ㉎ධࡋࡓ(⣧ᗘ㸸98.0%௨ୖ)ࠋࢧࣜࢻ࣐࢖ࢻࡣࠊ0.5 
w/v%࣓ࢳࣝࢭ࣮ࣝࣟࢫ⁐ᾮ࡟ᠱ⃮ࡋࠊ1᪥ 1ᅇ⤒ཱྀᢞ୚ࡋࡓࠋࢧࣜࢻ࣐࢖ࢻ⬇ࢆ᥇ྲྀࡋࡓẕື≀
࡬ࡢᢞ୚᪥࠾ࡼࡧᢞ୚㔞ࡣ௨ୗࡢ㏻ࡾ㸹ዷፎ 10᪥ࡢࢧࣜࢻ࣐࢖ࢻ⬇㸸ዷፎ 9᪥ࠊ300 mg/kgࠊዷ
ፎ 11᪥ࡢࢧࣜࢻ࣐࢖ࢻ⬇㸸ዷፎ 9࠾ࡼࡧ 10᪥ࠊ300 mg/kgࠊዷፎ 12᪥ࡢࢧࣜࢻ࣐࢖ࢻ⬇㸸ዷፎ 9
࠾ࡼࡧ 10᪥ࠊ300ࡲࡓࡣ 500 mg/kgࠋKbl:JW࢘ࢧࢠ࡬ࡢ 300 mg/kgࡢዷፎ 9࠾ࡼࡧ 10᪥ᢞ୚࡟ࡼ
ࡗ࡚␗ᖖᅇ㌿ᡭ࡞࡝ࡢ๓⫥ወᙧࡀ㧗㢖ᗘ࡟(14/34 ⫾ඣ)ㄏⓎࡉࢀࡿࡇ࡜ࡀุ᫂ࡋ࡚࠸ࡿ(Table 
2-2-4)ࠋࡲࡓࠊ300 mg/kgࢆᢞ୚ࡋࡓᐇ㦂࡛ዷፎ 12᪥ࡢ Fgf8ࡢⓎ⌧࡟ኚ໬ࡀࡳࡽࢀ࡞࠿ࡗࡓࡇ࡜
࠿ࡽࠊ500 mg/kgࢆᢞ୚ࡋࡓ⬇࡟ࡘ࠸࡚ࡶゎᯒࡋࡓࠋᑐ↷⩌ࡢẕື≀ࡣ↓ฎ⨨࡜ࡋࡓࠋ 
 
⬇ࡢ᥇ྲྀ 
ዷፎ 10ࠊ11ࡲࡓࡣ 12᪥ࡢ༗๓୰࡟ẕື≀ࢆࢳ࢜࣌ࣥࢱ࣮ࣝࢼࢺ࣒ࣜ࢘(0.5 gࠊ㟼ὀ)࡛㯞㓉ࡋࠊ
ᖇ⋤ษ㛤ࡋࡓࠋ⬇ࢆ᦬ฟࡋࠊ㏿ࡸ࠿࡟ 4 %ࣃ࣒ࣛ࣍ࣝ࢔ࣝࢹࣄࢻྵ᭷ PBS࡛ᅛᐃࡋࡓᚋࠊ࢚ࢱࣀ
࣮࡛ࣝ⬺Ỉࡋࡓࠋ⬇ࡣWISHࢆᐇ᪋ࡍࡿࡲ࡛-20Υ௨ୗࡢ࢚ࢱࣀ࣮࡛ࣝಖᏑࡋࡓࠋ 
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RNAࣉ࣮ࣟࣈ 
Fgf8 ࠾ࡼࡧ Bmp4 ࡢ RNA ࣉ࣮ࣟࣈ(antisense RNA)ࡣࠊᰴᘧ఍♫࢔࣡ࢪ࢙ࢽࢵࢡ(ᚨᓥ┴)࡛ࠊ
Hoxa11ࡢ RNAࣉ࣮ࣟࣈࡣࠊࢪ࢙ࣀࢫࢱࢵࣇᰴᘧ఍♫(ᮾி㒔)࡛ Digoxygeninᶆ㆑ RNA㸦dig-RNA㸧
࡜ࡋ࡚ྜᡂࡋࡓࠋFgf8㸸ࣉ࣮ࣟࣈసᡂ⏝ሷᇶ㓄ิ࡜ࡋ࡚ Fischer ࡽࡀ౑⏝ࡋࡓ࣐࢘ࢫ cDNA 
(Accession No. AF474181)ࡢ 174–763࡟┦ᙜࡍࡿ 590 bp࡜ྠ➼ࡢ㓄ิࢆタᐃࡋࡓ(Fischerࡽ 2002ᖺ)ࠋ
Bmp4㸸ࣉ࣮ࣟࣈసᡂ⏝ሷᇶ㓄ิ࡜ࡋ࡚ Hopf ࡽࡀ౑⏝ࡋࡓ࢘ࢧࢠ cDNA (Accession No. 
NM_001195723.1)ࡢ 689-1181࡟┦ᙜࡍࡿ 493 bpࢆタᐃࡋࡓ(Hopfࡽ 2011ᖺ)ࠋHoxa11㸸ࣉ࣮ࣟࣈ
㓄ิసᡂ⏝ሷᇶ࡜ࡋ࡚࢘ࢧࢠ cDNA (Accession No. 001171404.1)ࡢ 236-504࡟┦ᙜࡍࡿ 269 bpࢆタ
ᐃࡋࡓࠋ 
 
Whole mount in situ hybridization 
Dig ᶆ㆑ RNA ࣉ࣮ࣟࣈࢆ⏝࠸ࡓ WISH ἲࡣࠊ࢘ࢧࢠึᮇ⬇⏝ࡢ Cold Spring Harbor Protocol 
(Püschelࡽ 2010ᖺ)࡟ᚑࡗࡓࠋࣁ࢖ࣈࣜࢲ࢖ࢮ࣮ࢩࣙࣥ ᗘࡣ 70Υ࡛ᐇ᪋ࡋࡓࠋ 
 
⬇ࡢᙧែᏛⓗゎᯒ 
㢌Ẋ㛗࠾ࡼࡧ㢌㛗(⬇ࡢᚋ㢌㒊࠿ࡽ๓㢌㒊ඛ➃ࡲ࡛ࡢ㛗ࡉ)(Fig. 3-1-3 A)࡞ࡽࡧ࡟ AER࡟࠾ࡅࡿ
Fgf8Ⓨ⌧㡿ᇦ㛗ࡣࠊࢹࢪࢱࣝ㢧ᚤ㙾࡛ ᐃࡋ(Fig. 3-1-3 B)ࠊయ⠇ᩘࡣᐇయ㢧ᚤ㙾ୗ࡛ィᩘࡋࡓࠋ
⫥ⱆࡢ Hoxa11Ⓨ⌧㡿ᇦࡢ๓㒊ഃࠊ୰㛫㒊࠾ࡼࡧᚋ㒊ഃࡢᖜࡣྠࠊ ୍ࡢゅᗘ࠿ࡽ᧜ᙳࡋࡓ෗┿ࢆ⏝
࠸ࠊ⏬ീศᯒࢯࣇࢺ࡛ィ ࡋࡓ(Fig. 3-1-3 C)ࠋ 
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Fig. 3-1-3 㢌Ẋ㛗࠾ࡼࡧ㢌㛗࡞ࡽࡧ࡟⫥ⱆ࡛ࡢ Fgf8࠾ࡼࡧ Hoxa11ࡢⓎ⌧㡿ᇦ 
 
  
A. Ⅼ⥺ࡢ୧▮༳ࡣ㢌Ẋ㛗ࠊᐇ⥺ࡢ୧▮༳ࡣ㢌㛗ࢆ♧ࡍࠋ 
B. ኴ࠸㯮⥺ࡣ Fgf8 ࡢⓎ⌧㒊఩ࢆ♧ࡋࠊⓎ⌧㡿ᇦࡢᗈࡉࡣ୧▮༳࡛♧ࡉࢀࡿ㛗ࡉ(Ⓨ⌧㡿ᇦ㛗)
࡛ ᐃࡋࡓࠋ 
C. Hoxa11ࡢⓎ⌧㡿ᇦᖏࡢᖜ(Ⓨ⌧㡿ᇦᖜ)ࢆ๓㒊ࠊ୰㛫㒊ཬࡧᚋ㒊࡛ ᐃࡋࡓ 
(ᣓᘼ࠾ࡼࡧ୧▮༳࡛♧ࡍ)ࠋ 
 
⤫ィฎ⌮ 
Ⓨ⏕ᣦᶆࢹ࣮ࢱ࠾ࡼࡧⓎ⌧㡿ᇦࡢ㛗ࡉ㸭ᖜ(Table 3-1-1㹼4)ࡣࠊF ᳨ᐃ(Snedecor ࠾ࡼࡧ Cochran 
1980ᖺ)࡟ࡼࡾᑐ↷⬇࡜ࢧࣜࢻ࣐࢖ࢻ⬇ࡢศᩓࡢ୍ᵝᛶࡢ᳨ᐃࢆᐇ᪋ࡋࠊ➼ศᩓࡢሙྜ࡟ࡣStudent
ࡢ t᳨ᐃ(Snedecor࠾ࡼࡧ Cochran 1980ᖺ)ࠊ୙➼ศᩓࡢሙྜ࡟ࡣ Aspin-Welchࡢ t᳨ᐃ(Snedecor࠾
ࡼࡧ Cochran 1980ᖺ)࡟ࡼࡾᖹᆒ್ࡢᕪࡢ᳨ᐃࢆᐇ᪋ࡋࡓࠋᩓᕸᅗ(Fgi. 3-1-5࠾ࡼࡧ 7)࡟࠾ࡅࡿ㢌
㛗࡜Ⓨ⌧㡿ᇦࡢ㛗ࡉ㸭ᖜ࡟ࡘ࠸࡚ࡣࠊࣆ࢔ࢯࣥࡢ┦㛵ಀᩘ(Snedecor࠾ࡼࡧ Cochran 1980 ᖺ)ࢆồ
ࡵࡓࠋ᳨ᐃࡢ᭷ពỈ‽ࡣࠊF᳨ᐃࡣ 20%ࠊࡑࡢ௚ࡢ᳨ᐃࡣ୧ഃ 5%࠾ࡼࡧ 1%࡜ࡋࡓࠋ 
 
ື≀೔⌮ 
ᮏᐇ㦂ࡣࠊṊ⏣⸆ရࡢᐇ㦂ື≀೔⌮ጤဨ఍ࡢᢎㄆࢆཷࡅࡓࠋ
๓㒊㻌
ᚋ㒊㻌
㏆఩㻌 㐲఩㻌
๓㒊㻌
ᚋ㒊㻌
୰㛫㒊㻌
A B C
⫥ⱆ䜢⫼ഃ䛛䜙ほᐹ䛧䛯ሙྜ䛾ᶍᘧᅗ㻌
㏆఩㻌 㐲఩㻌
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3-1-3. ⤖ᯝ 
 
⬇Ⓨ⏕ 
ዷፎ 10ࠊ11࠾ࡼࡧ 12᪥ࡢᑐ↷⬇࡜ࢧࣜࢻ࣐࢖ࢻ⬇ࡢ㛫࡟ᙧែᏛⓗ࡟᫂☜࡞㐪࠸ࡣࡳࡽࢀ࡞࠿
ࡗࡓࡀࠊ㢌Ẋ㛗ࠊ㢌㛗࠾ࡼࡧయ⠇ᩘ࡞࡝ࡢⓎ⏕ᣦᶆ࡟ࡣࠊዷፎ 10 ࠾ࡼࡧ 11 ᪥ࡢࢧࣜࢻ࣐࢖ࢻ⬇
࡛పୗഴྥ࠶ࡿ࠸ࡣ᭷ព࡞పୗࡀㄆࡵࡽࢀࡓ(Table 3-1-1)ࠋࡋ࠿ࡋ࡞ࡀࡽࠊዷፎ 12 ᪥⬇࡛ࡣࠊࡇ
ࢀࡽࡢⓎ⏕ᣦᶆ࡟ࡘ࠸࡚ࡣᑐ↷⬇࡜ࢧࣜࢻ࣐࢖ࢻ⬇࡜ࡢ㛫࡟┦㐪ࡣࡳࡽࢀ࡞࠿ࡗࡓ (Table 3-1-1)ࠋ 
 
 
Table 3-1-1 ⬇ࡢⓎ⏕ᣦᶆ
ዷፎ 10᪥ ዷፎ 11᪥ ዷፎ 12᪥ 
⩌ ᑐ↷ ࢧࣜࢻ࣐࢖ࢻ ᑐ↷ ࢧࣜࢻ࣐࢖ࢻ ᑐ↷ ࢧࣜࢻ࣐࢖ࢻ
ዷፎື≀ᩘ 3 2 3 3 7 9 
⬇ᩘ 18 16 21 22 36 39 
㢌Ẋ㛗(mm) † 3.22±0.32 3.10±0.19 5.14±0.37 4.52±0.37** 6.29±0.35 6.27±0.37 
㢌㛗(mm) † 1.32±0.16 1.27±0.08 2.61±0.21 2.17±0.25** 3.41±0.30 3.41±0.26 
య⠇ᩘ† 24.9±1.4 24.1±0.9* 37.4±0.9 35.6±1.3** 45.1±1.4 45.2±1.2 
WISHἲ࡟ࡼࡿ㑇ఏᏊⓎ⌧ࡢゎᯒ࡟౑⏝ࡋࡓ඲࡚ࡢ⬇ࡢࢹ࣮ࢱ࡟ᇶ࡙ࡃᩘ್ࠊ†㸸ᖹᆒ್±ᶆ‽೫ᕪࠊ 
*ࡲࡓࡣ**㸸ᑐ↷⩌࡜ࡢ㛫࡟᭷ពᕪ᭷ࡾ(*㸸p0.05ࠊ**㸸p0.01ࠊStudentࡢt᳨ᐃࡲࡓࡣAspin-Welchࡢt᳨ᐃ) 
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Fgf8ࡢⓎ⌧ 
ゎᯒ࡟⏝࠸ࡓዷፎ 10࠾ࡼࡧ 11᪥ࡢࢧࣜࢻ࣐࢖ࢻ⬇ࡢⓎ⏕ᣦᶆ࠾ࡼࡧ AER࡟࠾ࡅࡿ Fgf8ࡢ⥺
≧ࡢⓎ⌧㡿ᇦࡢᗈࡉ(Ⓨ⌧㡿ᇦ㛗࡜ࡋ࡚ィ )ࡣࠊᑐ↷⬇࡟ẚ࡭࡚᭷ព࡞ప್ࡲࡓࡣప್ഴྥࢆ♧ࡋ
ࡓ(Table 3-1-2)ࠋዷፎ 10᪥⬇࡛ᚋ⫥ⱆ࡛ࡢⓎ⌧ࡀㄆࡵࡽࢀࡓࡢࡣࠊᑐ↷⬇ࡢ 1౛ࡢࡳ࡛࠶ࡗࡓ(Fig. 
3-1-4 C)ࠋዷፎ 10࠾ࡼࡧ 11᪥ࡢ๓⫥࠾ࡼࡧᚋ⫥࡛ࡢⓎ⌧㡿ᇦ㛗ࡣࠊᡂ㛗ᢚไࢆక࠺▸ᑠࢧࣜࢻ࣐
࢖ࢻ⬇ࡢ᪉ࡀࠊࡑ࠺࡛࡞࠸⬇࡟ẚ࡭࡚⦰ᑠࡍࡿഴྥࢆ♧ࡋࡓ(Fig. 3-1-4 A-B࠾ࡼࡧ E-H)ࠋዷፎ 12
᪥ࡢᑐ↷⬇࡜ࢧࣜࢻ࣐࢖ࢻ⬇ࡢ㛫࡟ࡣࠊⓎ⏕ᣦᶆ࠾ࡼࡧⓎ⌧㡿ᇦ㛗࡟ᕪࡣࡳࡽࢀ࡞࠿ࡗࡓ(Table 
3-1-2࠾ࡼࡧ Fig. 3-1-4 I-L)ࠋ 
㢌㛗࡟ᑐࡍࡿⓎ⌧㡿ᇦ㛗ࡢ㛵ಀࢆ⾲ࡍᩓᕸᅗ࡛ࡣࠊಶయ㛫ࡢࡤࡽࡘࡁࡀ኱ࡁ࠿ࡗࡓࢹ࣮ࢱ(ᑐ↷
⬇ࡢዷፎ 10᪥ࡢ๓⫥࠾ࡼࡧዷፎ 11᪥ࡢᚋ⫥ࡢࢹ࣮ࢱ)ࢆ㝖ࡁࠊ㢌㛗࡜Ⓨ⌧㡿ᇦ㛗ࡢ㛫࡟⤫ィᏛⓗ
࡟᭷ព࡞ṇࡢ┦㛵ࡀㄆࡵࡽࢀࡓ(Fig. 3-1-5)ࠋዷፎ 11᪥ࡢࢧࣜࢻ࣐࢖ࢻ⬇࡛ࡣࠊࡇࡢṇࡢ┦㛵ࡢഴ
ࡁࡣᑐ↷⬇࡜ᕪࡀ࡞࠿ࡗࡓࡀࠊⓎ⌧㡿ᇦ㛗࡜㢌㛗ࡢ࠸ࡎࢀ࡟ࡘ࠸࡚ࡶࢹ࣮ࢱศᕸࡣࠊࡼࡾ▷࠸ഃ
࡟ࢩࣇࢺࡋࡓ(Fig. 3-1-5)ࠋࡋ࠿ࡋࠊዷፎ 12᪥ࡢ⬇࡟ࡣࠊࡇࡢࡼ࠺࡞ࢩࣇࢺࡣࡳࡽࢀ࡞࠿ࡗࡓ(Fig. 
3-1-5)ࠋᚑࡗ࡚ࠊዷፎ 10࠾ࡼࡧ 11᪥ࡢⓎ⌧㡿ᇦ㛗ࡢప್ࡣࠊࢧࣜࢻ࣐࢖ࢻ⬇࡟࠾ࡅࡿᡂ㛗ᢚไ࡟
క࠺஧ḟⓗኚ໬࡛࠶ࡾࠊࢧࣜࢻ࣐࢖ࢻ࡟ࡼࡿ㑇ఏᏊⓎ⌧࡬ࡢ┤᥋ⓗ࡞㛵୚ࢆ♧၀ࡍࡿࡶࡢ࡛ࡣ࡞
࠸࡜⪃࠼ࡽࢀࡓࠋ 
 
Table 3-1-2 Fgf8Ⓨ⌧☜ㄆ⬇ࡢⓎ⏕ᣦᶆ࠾ࡼࡧⓎ⌧㡿ᇦ㛗 
ዷፎ 10᪥ ዷፎ 11᪥ ዷፎ 12᪥ 
⩌ ᑐ↷ ࢧࣜࢻ࣐࢖ࢻ ᑐ↷ ࢧࣜࢻ࣐࢖ࢻ ᑐ↷ ࢧࣜࢻ࣐࢖ࢻ
ዷፎື≀ᩘ 2 1 2 3 5 6 
⬇ᩘ 7 7 7 8 15 14 
㢌Ẋ㛗(mm) † 3.37±0.37 3.13±0.22 5.18±0.46 4.69±0.36* 6.25±0.40 6.29±0.38 
㢌㛗(mm) † 1.39±0.19 1.29±0.09 2.68±0.26 2.27±0.22** 3.30±0.24 3.38±0.31 
య⠇ᩘ† 25.9±1.3 24.6±0.8* 37.6±1.1 36.1±1.2* 44.7±1.5 44.9±1.3 
Ⓨ⌧㡿ᇦ㛗(mm) 
ྑ๓⫥ⱆ† 0.61±0.20 0.48±0.14 0.76±0.07 0.56±0.13** 1.33±0.23 (13) 1.41±0.24 
ᕥ๓⫥ⱆ† 0.62±0.18 0.42±0.11* 0.76±0.06 0.55±0.13** 1.34±0.23 1.39±0.23 
ྑᚋ⫥ⱆ† 0.35 (1)  0.73±0.05 0.54±0.12** 1.16±0.15 (13) 1.25±0.15 
ᕥᚋ⫥ⱆ† 0.3 (1)  0.76±0.04 (6) 0.54±0.11** 1.17±0.15 1.24±0.15 (13)
†㸸ᖹᆒ್±ᶆ‽೫ᕪࠊ( )㸸⬇ᩘࠊ㸸ࢹ࣮ࢱ↓ࡋࠊ 
*ࡲࡓࡣ**㸸ᑐ↷⩌࡜ࡢ㛫࡟᭷ពᕪ᭷ࡾ(*㸸p0.05ࠊ**㸸p0.01ࠊStudentࡢt᳨ᐃࡲࡓࡣAspin-Welchࡢt᳨ᐃ) 
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Fig. 3-1-4 ⫥ⱆ࡛ࡢ Fgf8ࡢⓎ⌧ 
๓⫥ⱆ㻌 ᚋ⫥ⱆ㻌
ᑐ↷㻌 䝃䝸䝗䝬䜲䝗㻌 ᑐ↷㻌 䝃䝸䝗䝬䜲䝗㻌
ዷፎ 㻝㻜 ᪥㻌 㻌 㻌 㻌
 
ዷፎ 㻝㻝 ᪥㻌   
   
ዷፎ 㻝㻞 ᪥㻌   
 
ዷፎ 10᪥ࡢࢧࣜࢻ࣐࢖ࢻ⬇ࡢᚋ⫥ⱆࢆ㝖ࡁࠊFgf8ࡣ⫥ⱆࡢ AER࡛Ⓨ⌧ࡋࡓࠋዷፎ 10࠾ࡼࡧ 11
᪥⬇ࡢ๓⫥ⱆ(B, F)࠾ࡼࡧዷፎ 11᪥⬇ࡢᚋ⫥ⱆ(H)࡛ࡢࢧࣜࢻ࣐࢖ࢻ⬇ࡢⓎ⌧㡿ᇦ㛗ࡣᑐ↷⩌࡟ẚ
࡭࡚▷⦰ࡋࡓ(A, E, G)ࠋዷፎ 12᪥⬇࡛ࡣᑐ↷⩌࡜ࢧࣜࢻ࣐࢖ࢻᢞ୚⩌ࡢⓎ⌧㡿ᇦ㛗࡟᫂☜࡞ᕪࡣ
↓࠿ࡗࡓ(I-L)ࠋ▮༳㸸 ᐃࡢ㛤ጞ࠾ࡼࡧ⤊஢Ⅼࠋ෗┿ࡢୖഃࡀ⬇๓ഃࢆࠊୗഃࡀ⬇ᚋഃࢆ♧ࡍࠋ 
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Fig. 3-1-5 㢌㛗࡜ Fgf8Ⓨ⌧㡿ᇦ㛗ࡢᩓᕸᅗ 
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䕕㸸ᑐ↷⩌ࠊ䕦㸸ࢧࣜࢻ࣐࢖ࢻ⩌ࠊr㸸┦㛵ಀᩘࠊ㻖ࡲࡓࡣ㻖㻖㸸┦㛵ࡢ᭷ពᕪ (㻖㸸p0.05ࠊ㻖㻖㸸p0.01ࠊ┦㛵ಀᩘࡢ᳨ᐃ)㻌
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Hoxa11ࡢⓎ⌧ 
ዷፎ10᪥ࡢᑐ↷࠾ࡼࡧࢧࣜࢻ࣐࢖ࢻ⬇࡛ࡣࠊHoxa11ࡢⓎ⌧ࡀㄆࡵࡽࢀ࡞࠿ࡗࡓ(Fig. 3-1-6 A-B)ࠋ
ዷፎ 11 ᪥ࡢࢧࣜࢻ࣐࢖ࢻ⬇ࡢⓎ⏕ᣦᶆࡣࠊᑐ↷⩌࡟ẚ࡭࡚᭷ព࡞ప್ࢆ♧ࡋࡓ(Table 3-1-3)ࠋࡋ
࠿ࡋࠊࢧࣜࢻ࣐࢖ࢻ⬇ࡢࢧ࢖ࢬࡀᑐ↷⬇ࡼࡾᑠࡉ࠸࡟ࡶ࠿࠿ࢃࡽࡎࠊHoxa11ࡢ๓⫥࠾ࡼࡧᚋ⫥ⱆ
࡟࠾ࡅࡿⓎ⌧ࣃࢱ࣮ࣥࡣኚ໬ࡋ࡞࠿ࡗࡓ(Fig. 3-1-6 C-F)ࠋ࡞࠾ࠊዷፎ 11᪥⬇ࡢ Hoxa11ࡢⓎ⌧㡿ᇦ
ࡣࠊᰁⰍ㒊఩ࡢ⦕ࡀ୙᫂░࡛࠶ࡾࠊ㒊఩ࡢ≉ᐃࡀᅔ㞴࡛࠶ࡗࡓࡇ࡜࠿ࡽ ᐃࡋ࡞࠿ࡗࡓࠋዷፎ 12
᪥ࡢࢧࣜࢻ࣐࢖ࢻ⬇ࡢⓎ⏕ᣦᶆࡣᑐ↷⩌࡜ྠ➼࡛࠶ࡾࠊࡲࡓࠊዷፎ 12᪥ࡢᑐ↷࠾ࡼࡧࢧࣜࢻ࣐࢖
ࢻ⬇ࡢᚋ⫥ⱆ࡛ࡣࠊ࡝ࡢⓎ⌧㒊఩ࡢᖜ(ᖏ≧Ⓨ⌧㡿ᇦࡢ๓㒊ࠊ୰㛫㒊ࠊᚋ㒊ࡢᖜࢆィ )࡟ࡶ᫂☜࡞
ᕪࡣ↓࠿ࡗࡓࡀࠊࢧࣜࢻ࣐࢖ࢻ⬇ࡢ๓⫥ⱆࡢ๓㒊ഃ࡛ࡢⓎ⌧㡿ᇦᖜࡣࠊᑐ↷⬇ࡼࡾࡶ᫂ࡽ࠿࡟⊃
ࡲࡃ࡞ࡗ࡚࠸ࡓ(Table 3-1-3࠾ࡼࡧ Fig. 3-1-6 G-J)ࠋ 
ዷፎ 12 ᪥⬇ࡢᩓᕸᅗ࠿ࡽุ᩿ࡋ࡚ࠊᑐ↷⬇࡛ࡣಶయࡢ኱ࡁࡉࡣⓎ⌧㡿ᇦࡢ㐪࠸࡜┦㛵ࡀ↓ࡃࠊ
3 ࢝ᡤࡢⓎ⌧㡿ᇦᖜࡣ㢌㛗ࡢ㛗▷࡟㛵ࢃࡽࡎ୍ᐃ࡛࠶ࡾࠊ⤫ィᏛⓗ࡟᭷ព࡞┦㛵ࡣࡳࡽࢀ࡞࠿ࡗ
ࡓ(Fig. 3-1-7)ࠋࡇࡢࡼ࠺࡟ᑐ↷⬇๓㒊ഃ࡛ࡢⓎ⌧㡿ᇦᖜࡣ㢌㛗ࡢ㐪࠸࡟㛵ࢃࡽࡎ୍ᐃ࡛࠶ࡗࡓࡀࠊ
ࢧࣜࢻ࣐࢖ࢻ⬇࡛ࡣᑐ↷⬇ࡢሙྜ࡜ẚ࡭࡚ࡼࡾ⊃࠸ഃ࡬ࢩࣇࢺࡋࡓࠋᑐ↷⬇ࡢⓎ⌧㡿ᇦᖜ࡜ࡢᕪ
ࡣࠊ㢌㛗ࡀ㛗࠸ࢧࣜࢻ࣐࢖ࢻ⬇࡛ࡼࡾ㢧ⴭ࡛࠶ࡾࠊࢧࣜࢻ࣐࢖ࢻ⬇࡟࠾࠸࡚ࡣ㢌㛗࡜๓㒊ഃࡢⓎ
⌧㡿ᇦᖜࡢ㛫࡟᭷ព࡞㈇ࡢ┦㛵ࡀㄆࡵࡽࢀࡓ(Fig. 3-1-7)ࠋᚑࡗ࡚ࠊࡇࡢ๓㒊ഃ࡟࠾ࡅࡿ Hoxa11Ⓨ
⌧㡿ᇦᖜࡢࢧࣜࢻ࣐࢖ࢻ࡟ࡼࡿ⦰ᑠࡣࠊࢧࣜࢻ࣐࢖ࢻ࡟ࡼࡿᡂ㛗ᢚไ࡜㛵㐃ᛶࡣ࡞ࡃࠊ⫥ᙧᡂ㐣
⛬࡛ࡢࢧࣜࢻ࣐࢖ࢻࡢ┤᥋ⓗ࡞స⏝࡟ࡼࡗ࡚ㄏⓎࡉࢀࡓࡶࡢ࡜⪃࠼ࡽࢀࡓࠋ 
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Table 3-1-3 Hoxa11Ⓨ⌧☜ㄆ⬇ࡢⓎ⏕ᣦᶆ࠾ࡼࡧⓎ⌧㡿ᇦᖜ
ዷፎ 11᪥ ዷፎ 12᪥ 
⩌ ᑐ↷ ࢧࣜࢻ࣐࢖ࢻ ᑐ↷ ࢧࣜࢻ࣐࢖ࢻ 
ዷፎື≀ᩘ 3 2 5 5 
⬇ᩘ 7  7  13  12  
㢌Ẋ㛗(mm) † 5.03±0.29 4.42±0.41** 6.34±0.33 6.32±0.33 
㢌㛗(mm) † 2.55.19 2.10±0.25** 3.50±0.29 3.39±0.26 
య⠇ᩘ† 37.0±0.6 35.0±1.2** 45.8±1.1 45.3±1.0 
ዷፎ 12᪥ 
⩌ ᑐ↷ ࢧࣜࢻ࣐࢖ࢻ 
⬇ᩘ 13  12  
Ⓨ⌧㡿ᇦᖜ (mm) 
ྑ๓⫥ⱆ† 
๓㒊 0.45±0.03 0.34±0.06** 
୰㛫㒊 0.25±0.02 0.25±0.02 
ᚋ㒊 0.33±0.03 0.34±0.04 
ᕥ๓⫥ⱆ† 
๓㒊 0.44±0.04 0.35±0.06** 
୰㛫㒊 0.26±0.03 0.26±0.03 
ᚋ㒊 0.32±0.02 0.33±0.03 
ྑᚋ⫥ⱆ† 
๓㒊 0.63±0.13 0.65±0.08 
୰㛫㒊 0.46±0.05 0.44±0.05 
ᚋ㒊 0.60±0.10 0.61±0.10 
ᕥᚋ⫥ⱆ† 
๓㒊 0.59±0.13 0.58±0.07 
୰㛫㒊 0.43±0.04 0.43±0.04 
ᚋ㒊 0.58±0.07 0.61±0.10 
†㸸ᖹᆒ್±ᶆ‽೫ᕪࠊ**㸸ᑐ↷⩌࡜ࡢ㛫࡟᭷ពᕪ᭷ࡾ(p0.01ࠊStudentࡢt᳨ᐃࡲࡓࡣAspin-Welchࡢt᳨ᐃ) 
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Fig. 3-1-6 ⫥ⱆ࡛ࡢ Hoxa11ࡢⓎ⌧ 
ዷፎ 㻝㻜 ᪥㻌
㻌
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)
    
ዷፎ 㻝㻞 ᪥㻌
๓⫥ⱆ㻌 ᚋ⫥ⱆ 
ᑐ↷㻌 䝃䝸䝗䝬䜲䝗㻌 ᑐ↷㻌 䝃䝸䝗䝬䜲䝗㻌
ዷፎ 10᪥⬇࡛ࡣ Hoxa11ࡢⓎ⌧ࡣ᳨ฟ࡛ࡁ࡞࠿ࡗࡓ(A, B)ࠋᑐ↷⬇࡜ẚ㍑ࡋࠊࢧࣜࢻ࣐࢖ࢻ࡟ࡼࡿ
Ⓨ⌧ࣃࢱ࣮ࣥࡢኚ໬ࡣࠊዷፎ 11᪥⬇࡛๓ᚋ⫥ⱆࡢ࠸ࡎࢀ࡟ࡶࡳࡽࢀ࡞࠿ࡗࡓ(C-F)ࠋ๓⫥ⱆࡢ๓㒊
ഃ࡛ࡢⓎ⌧㡿ᇦᖜ(Hࠊ㯮ࡢᒣᣓᘼ)ࡣᑐ↷⩌ࡢࡑࢀ࡟ẚ࡭࡚⊃࠿ࡗࡓ(Gࠊ㯮࠸ᒣᣓᘼ)ࠋ๓⫥ⱆ୰
㛫㒊࠾ࡼࡧᚋ㒊ഃࡢⓎ⌧㡿ᇦᖜ(G, Hࠊⓑ࠸୧▮༳࠾ࡼࡧⓑ࠸ᒣᣓᘼ)࡞ࡽࡧ࡟ᚋ⫥ⱆࡢ඲࡚ࡢ㒊఩
ࡢⓎ⌧㡿ᇦᖜ(I, Jࠊ୧▮༳࠾ࡼࡧ㯮࡜ⓑࡢᒣᣓᘼࡣ)ࠊᑐ↷⬇࡜ࢧࣜࢻ࣐࢖ࢻ⬇ࡢ㛫࡟ᕪࡣ࡞࠿ࡗ
ࡓࠋ▮༳(C-F)㸸୺せ࡞Ⓨ⌧㒊఩ࠊ㯮࠸ᒣᣓᘼ(G-J)㸸๓㒊ഃⓎ⌧㡿ᇦᖜࠊⓑ࠸୧▮༳(G-J)㸸୰㛫㒊
Ⓨ⌧㡿ᇦᖜࠊⓑ࠸ᒣᣓᘼ(G-J)㸸ᚋ㒊ഃⓎ⌧㡿ᇦᖜࠋ෗┿ࡢୖഃࡀ⬇๓ഃࢆࠊୗഃࡀ⬇ᚋഃࢆ♧ࡍࠋ 
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Fig. 3-1-7 ዷፎ 12᪥⬇ࡢ㢌㛗࡜ Hoxa11Ⓨ⌧㡿ᖜࡢᩓᕸᅗ 
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䕕㸸ᑐ↷⩌ࠊ䕦㸸ࢧࣜࢻ࣐࢖ࢻ⩌ࠊr㸸┦㛵ಀᩘࠊ㻖ࡲࡓࡣ㻖㻖㸸┦㛵ࡢ᭷ពᕪ (㻖㸸p0.05ࠊ㻖㻖㸸p0.01ࠊ┦㛵ಀᩘࡢ᳨ᐃ)㻌
㻌
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Bmp4ࡢⓎ⌧ 
ゎᯒ࡟⏝࠸ࡓࢧࣜࢻ࣐࢖ࢻ⬇ࡢⓎ⏕ᣦᶆࡣࠊዷፎ 10᪥࡛ࡣᑐ↷⬇ࡢᣦᶆ࡜ẚ࡭࡚᭷ពᕪࡣ࡞࠸ࡀ
ࢃࡎ࠿࡟ప್ࢆ♧ࡋࠊዷፎ 11᪥࡛ࡣ᭷ព࡟పୗࡋࡓ(Table 3-1-4)ࠋࡋ࠿ࡋ࡞ࡀࡽࠊዷፎ 12᪥࡛ࡣࠊ
ᑐ↷࠾ࡼࡧࢧࣜࢻ࣐࢖ࢻ⬇ࡢ㛫ࡢⓎ⏕ᣦᶆࡢ್࡟ᕪࡣ࡞࠿ࡗࡓ(Table 3-1-4)ࠋ⫥ⱆ࡟࠾ࡅࡿ Bmp4
ࡢⓎ⌧ࣃࢱ࣮ࣥ࡟ࡘ࠸࡚ࠊᑐ↷⬇࡜ࢧࣜࢻ࣐࢖ࢻ⬇࡜ࡢ㛫࡟᫂☜࡞㐪࠸ࡣࡳࡽࢀ࡞࠿ࡗࡓ(Fig. 
3-1-8 A-J)ࠋ࡞࠾ࠊBmp4ࡢⓎ⌧㡿ᇦࡣࠊᰁⰍ㒊఩ࡢ⦕ࡀ୙᫂░࡛࠶ࡾࠊዷፎ 11࠾ࡼࡧ 12᪥⬇࡛
ࡣⓎ⌧ࣃࢱ࣮ࣥࡢᙧ≧ࡶ」㞧࡛࠶ࡿࡇ࡜࠿ࡽࠊⓎ⌧㡿ᇦࡣ ᐃࡋ࡞࠿ࡗࡓࠋ 
 
Table 3-1-4 Bmp4Ⓨ⌧☜ㄆ⬇ࡢⓎ⏕ᣦᶆ
ዷፎ 10᪥ ዷፎ 11᪥ ዷፎ 12᪥ 
⩌ ᑐ↷ ࢧࣜࢻ࣐࢖ࢻ ᑐ↷ ࢧࣜࢻ࣐࢖ࢻ ᑐ↷ ࢧࣜࢻ࣐࢖ࢻ 
ዷፎື≀ᩘ 1 1 3 3 3 5 
⬇ᩘ 7  7  7  7  8  13  
㢌Ẋ㛗(mm) † 3.24±0.23 3.08±0.17 5.20±0.39 4.42±0.31** 6.29±0.30 6.20±0.41 
㢌㛗(mm) † 1.34±0.07 1.26±0.08 2.59±0.17 2.12±0.29** 3.46±0.36 3.45±0.22 
య⠇ᩘ† 24.7±1.0 23.7±0.8 37.6±0.8 35.6±1.5** 45.0±1.1 45.3±1.3 
†㸸ᖹᆒ್±ᶆ‽೫ᕪࠊ**㸸ᑐ↷⩌࡜ࡢ㛫࡟᭷ពᕪ᭷ࡾ(p0.01 Studentࡢt᳨ᐃࡲࡓࡣAspin-Welchࡢt᳨ᐃ) 
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3-1-4 ⪃ᐹ 
 
ࢧࣜࢻ࣐࢖ࢻࡢ⬇Ⓨ⏕࡬ࡢᙳ㡪 
Lee CJࡽࡣࠊ࢘ࢧࢠ⬇ࡢ඲⬇ᇵ㣴⣔࡟࠾࠸࡚ࠊዷፎ 9᪥࡟᦬ฟࡋࡓ⬇࡟ࢧࣜࢻ࣐࢖ࢻࢆ 48᫬㛫
᭚㟢ࡍࡿ࡜ࠊᚋ⬻ࡢⓎ⏕ࡀ 17%పୗࡍࡿ࡜ྠ᫬࡟๓⫥ⱆ࠾ࡼࡧᚋ⫥ⱆࡢᡂ㛗ࡀ᭱኱ 71%ᢚไࡉࢀ
ࡿࡇ࡜ࢆሗ࿌ࡋࡓ(Leeࡽ 2011 ᖺ)ࠋᡃࠎࡢᐇ㦂࡛ࡣࠊዷፎ 10࠾ࡼࡧ 11᪥ࡢࢧࣜࢻ࣐࢖ࢻ⬇ࡢ⬇
඲యࡢⓎ⏕ᣦᶆࡣᑐ↷⬇࡟ẚ࡭࡚పୗࡋࡓࡀࠊࢧࣜࢻ࣐࢖ࢻ⬇࡟࠾ࡅࡿ⫥ⱆ≉␗ⓗ࡞ᡂ㛗ᢚไࡣ
᳨ฟ࡛ࡁ࡞࠿ࡗࡓ(Fig. 3-1-4ࠊ6࠾ࡼࡧ 8)ࠋLeeࡽࡢᐇ㦂࡟࠾ࡅࡿᇵ㣴ᾮࡢࢧࣜࢻ࣐࢖ࢻ⃰ᗘࡣ 117 
ȝM (30.2 ȝg/mL)࡛࠶ࡾࠊ࢘ࢧࢠ࡟࠾࠸࡚ദወᙧᛶࢆㄏⓎࡍࡿ 300 mg/kgࡢࢧࣜࢻ࣐࢖ࢻࢆዷፎ 9
᪥࡟ᢞ୚ࡋࡓ᫬ࡢẕື≀⾑₢୰ࡢࢧࣜࢻ࣐࢖ࢻࡢ Cmaxࡣ 17.7 ȝg/mL࡛࠶ࡗࡓ(Table 2-2-11)ࠋᚑ
ࡗ࡚ࠊLeeࡽࡢ in vitroᐇ㦂࡛⫥ⱆࡢ㢧ⴭ࡞ᡂ㛗ᢚไࡀࡳࡽࢀࡓ⌮⏤ࡣࠊࢧࣜࢻ࣐࢖ࢻࡢ᭚㟢㔞ࡀ
㧗࠿ࡗࡓࡇ࡜࡟㉳ᅉࡍࡿ࡜⪃࠼ࡽࢀࡓᡃࠋ ࠎࡢᐇ㦂࡛ࡣࠊዷፎ 9࠾ࡼࡧ 10᪥࡟ࢧࣜࢻ࣐࢖ࢻࢆᢞ
୚ࡋࡓẕື≀࠿ࡽᚓࡽࢀࡓዷፎ 11 ᪥⬇࡛ࡣᡂ㛗ࡀᢚไࡉࢀ࡚࠸ࡓࡀࠊዷፎ 12 ᪥⬇࡛ࡣᑐ↷⩌࡜
ࡢ㛫࡟ᕪࡣࡳࡽࢀ࡞࠿ࡗࡓࠋࡇࢀࡣࢧࣜࢻ࣐࢖ࢻࡢ᭚㟢ࡀᾘኻࡋࡓᚋࠊᛴ㏿࡟ᅇ᚟ࡋࡓࡓࡵ࡜⪃
࠼ࡽࢀࡿࡀࠊࢧࣜࢻ࣐࢖ࢻ࡟ࡣ⾑⟶᪂⏕ᢚไస⏝ࡀ࠶ࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠾ࡾ(D’Amatoࡽ 1994ᖺ)ࠊ
ࡑࢀࡀẕື≀ࡢ⫾┙࠿ࡽࡢᰤ㣴౪⤥ࡸ⫾ඣࡢ⾑⟶᪂⏕ࢆ㜼ᐖࡍࡿࡇ࡜࡟㉳ᅉࡋࡓྍ⬟ᛶࡀ⪃࠼ࡽ
ࢀࡿࠋHansenࡽࡢ NZW⣔⤫࢘ࢧࢠࢆ⏝࠸ࡓ◊✲࡛ࡣࠊዷፎ 12᪥ࡢ๓⫥ⱆࡢᙧែࡀࢧࣜࢻ࣐࢖ࢻ
ᢞ୚࡟ࡼࡾ㠀ᑐ⛠࡟࡞ࡾࠊ᫂ࡽ࠿࡟ᑠࡉࡃ࡞ࡿࡇ࡜ࢆሗ࿌ࡋ࡚࠸ࡿ(Hansenࡽ 2002ᖺ)ࡀࠊᮏ◊✲
࡛ࡣࢧࣜࢻ࣐࢖ࢻ⬇ࡢ⫥ⱆ࡟ࡇࡢࡼ࠺࡞ᙧែᏛⓗኚ໬ࡣࡳࡽࢀ࡞࠿ࡗࡓ(Fig. 3-1-4 I-Jࠊ6 G-H࠾ࡼ
ࡧ 8 G-H)ࠋᡃࠎࡢᐇ㦂᮲௳(300 mg/kgࡢዷፎ 9࠾ࡼࡧ 10᪥ᢞ୚)࡛ࡣࠊᅄ⫥ወᙧ(␗ᖖᅇ㌿ᡭ)ࡀࢧ
ࣜࢻ࣐࢖ࢻࢆᢞ୚ࡋࡓẕື≀ࡼࡾᚓࡽࢀࡓ 34⫾ඣ୰ 14౛࡟ㄏⓎࡉࢀࡓࡢ࡛ (Table 2-2-4)ࠊ㐺ษ
࡞᮲௳࡜⪃࠼ࡽࢀࡓࠋࡋ࠿ࡋ࡞ࡀࡽࠊHansenࡽ࡜ᡃࠎࡢᐇ㦂ࢹࢨ࢖ࣥࡢ㛫࡟ࡣࠊᢞ୚ᮇ㛫(ዷፎ 8
࠾ࡼࡧ 9᪥࡟ᑐࡋ࡚ዷፎ 9࠾ࡼࡧ 10᪥)ࠊᢞ୚㔞(400 mg/kg࡟ᑐࡋ࡚ 300ࡲࡓࡣ 500 mg/kg)࡞ࡽࡧ
࡟⣔⤫(NZW ࡜ JW)➼ࡢ࠸ࡃࡘ࠿ࡢ㐪࠸ࡀᏑᅾࡋࠊࡇࢀࡽࡢ㐪࠸ࡀࠊ⫥ⱆࡢወᙧࡢ㠀ᑐ⛠ᛶࡸ⛬
ᗘ࠾ࡼࡧ㢖ᗘ࡟ᙳ㡪ࡋࡓྍ⬟ᛶࡀ࠶ࡿࠋ 
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Fgf8㑇ఏᏊࡢⓎ⌧࡬ࡢᙳ㡪 
Hansenࡽࡣ 400 mg/kgࡢࢧࣜࢻ࣐࢖ࢻࢆዷፎ 8࠾ࡼࡧ 9᪥࡟ᢞ୚ࡋࡓ NZW࢘ࢧࢠࡢ⬇࡟࠾࠸
࡚ࠊ⫥ⱆ࡛ࡢ Fgf8ࡀࠊᮏ᮶࡛࠶ࢀࡤⓎ⌧ࡋ࡚࠸ࡿࡣࡎࡢዷፎ 10᪥࡟᳨ฟࡉࢀࡎࠊዷፎ 12᪥࡟ࡣ
AER࡛Ⓨ⌧ࡀపୗࡍࡿࡇ࡜ࢆሗ࿌ࡋࡓ(Hansenࡽ 2002ᖺ)ࠋ୍᪉࡛ࠊᡃࠎࡣ⫥ⱆ࡛ࡢ Fgf8Ⓨ⌧ࡀ
ᑐ↷⬇ࡢ⫥ⱆ࡜ྠᵝ࡟ዷፎ 10ࠊ11 ࠾ࡼࡧ 12 ᪥࡟ࡳࡽࢀࠊⓎ⌧㡿ᇦ࡜㢌㛗࡜ࡢ㛫࡟ṇࡢ┦㛵ࡀ࠶
ࡿࡇ࡜ࢆぢฟࡋࡓ(Fig. 3-1-5)ࠋࡇࡢࡇ࡜ࡣ Fgf8ࡢⓎ⌧㡿ᇦࡢᣑ኱ࡀ⬇ࡢⓎ⏕ࡢ㐍⾜ᗘ࡟౫Ꮡࡋ࡚
࠸ࡿࡇ࡜ࢆព࿡ࡋ࡚࠸ࡿࠋᚑࡗ࡚ࠊᡃࠎࡢᐇ㦂࡛ࡳࡽࢀࡓ Fgf8ࡢⓎ⌧పୗࡣࠊࢧࣜࢻ࣐࢖ࢻ࡟ࡼ
ࡿ⫥ⱆ࡛ࡢ≉␗ⓗ࡞㑇ఏᏊⓎ⌧ࡢᢚไ࡛ࡣ࡞࠸࡜⪃࠼ࡽࢀࡓࠋHansenࡽࡢᐇ㦂࡟࠾࠸࡚ࠊዷፎ 10
᪥ࡢࢧࣜࢻ࣐࢖ࢻ⬇࡛ࡣᑐ↷⩌࡜ࡣ␗࡞ࡾ Fgf8ࡢⓎ⌧ࡀࡳࡽࢀ࡞࠿ࡗࡓࡇ࡜ࡸዷፎ 12᪥ࡢ AER
࡛ࡢⓎ⌧పୗࡶᡂ㛗ᢚไࡸಶయ㛫࠶ࡿ࠸ࡣ⣔⤫ᕪ㛫ࡢⓎ⏕ࡢࡤࡽࡘࡁ࡟㛵㐃ࡋ࡚࠸ࡿྍ⬟ᛶࡀ࠶
ࡿࠋࢧࣜࢻ࣐࢖ࢻ࡟ࡼࡿ Fgf8ࡢ㢧ⴭ࡞Ⓨ⌧పୗࡣࠊࢽ࣡ࢺࣜ⬇ࡢ⫥ⱆ࡞ࡽࡧ࡟ࢮࣈࣛࣇ࢕ࢵࢩࣗ
⬇ࡢ㫅ⱆ࡛ࡶࡳࡽࢀࡓࡇ࡜ࡀሗ࿌ࡉࢀ࡚࠸ࡿ(Knoblochࡽ 2011ᖺࠊItoࡽ 2010ᖺ)ࠋ࢘ࢧࢠ࡟࠾ࡅ
ࡿࢧࣜࢻ࣐࢖ࢻࡢ⾑୰⃰ᗘ(ዷፎ 9᪥ᢞ୚᫬ࡢ Cmax㸸17.7 ȝg/mL)࡜㭜༸ࡢ᭚㟢⃰ᗘ(༸㔜㔞ᙜࡓࡾ
750 ȝg/kg)ࡣ┤᥋ⓗ࡟ࡣẚ㍑࡛ࡁ࡞࠸ࡀࠊࢮࣈࣛࣇ࢕ࢵࢩࣗࡢᐇ㦂࡟࠾ࡅࡿᇵ㣴ᾮࡢࢧࣜࢻ࣐࢖ࢻ
⃰ᗘ(200࠾ࡼࡧ 400 ȝMࠊ51.6࠾ࡼࡧ 103.3 ȝg/mL)ࡣᡃࠊ ࠎࡢᐇ㦂ࡼࡾࡶ࠿࡞ࡾ㧗࠿ࡗࡓࠋᚑࡗ࡚ࠊ
ࡇࢀࡽࡢᐇ㦂⤖ᯝࡢ୙୍⮴ࡣࠊࢧࣜࢻ࣐࢖ࢻࡢ᭚㟢㔞ࡢ㐪࠸࡟㉳ᅉࡋ࡚࠸ࡿྍ⬟ᛶࡀ࠶ࡿࠋ 
 
Hoxa11㑇ఏᏊࡢⓎ⌧࡬ࡢᙳ㡪 
ࢧࣜࢻ࣐࢖ࢻ࡟ࡼࡿ Hoxa11Ⓨ⌧ᢚไࡣࠊ๓⫥ⱆ๓㒊ഃ࡛≉␗ⓗ࡛࠶ࡿࡇ࡜ࡀุ᫂ࡋࡓࠋHoxa11
ࡣᶨ㦵࠾ࡼࡧᑻ㦵ࡢᙧែᙧᡂ࡟㛵୚ࡍࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿࡢ࡛(Small࠾ࡼࡧ Potter 1993ᖺ)ࠊᮏ
◊✲࡛ Hoxa11ࡢⓎ⌧ᢚไࡀࡳࡽࢀࡓ఩⨨ࡣࠊ࠾ࡑࡽࡃᶨ㦵ഃ࡜୍⮴ࡋ࡚࠸࡚࠸ࡿ࡜⪃࠼ࡽࢀࡿࠋ
ࡇࡢࡇ࡜ࡣほᐹࡉࢀࡓࢧࣜࢻ࣐࢖ࢻ࡟ࡼࡿᅄ⫥ወᙧࡀᶨ㦵ഃ࡟ぢࡽࢀࡿࡇ࡜࡜▩┪ࡀ࡞࠸࡜ᛮࢃ
ࢀࡿࠋᡃࠎࡢ▱ࡿ㝈ࡾࠊࡇࡢⓎぢࡣ࢘ࢧࢠ⫾ඣ࡟࠾࠸࡚ Hox㑇ఏᏊ࡜ࢧࣜࢻ࣐࢖ࢻወᙧ࡟┦㛵ࡀ
࠶ࡿࡇ࡜ࢆ♧ࡋࡓ᭱ึࡢ౛࡛࠶ࡿࠋ 
๓⫥ⱆ࡛ࡣ Hoxa11ࡢⓎ⌧ࡣᢚไࡉࢀࡓࡀࠊ࢘ࢧࢠ⬇ࡢᚋ⫥ⱆ࡛ࡣࢧࣜࢻ࣐࢖ࢻ࡟ࡼࡿ Hoxa11
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ࡢⓎ⌧ࡢኚ໬࡟ࡘ࠸࡚ࡣ᳨ฟ࡛ࡁ࡞࠿ࡗࡓ(Table 3-1-3)ࠋ஦ᐇࠊዷፎ 9࠾ࡼࡧ 10᪥࡟ࢧࣜࢻ࣐࢖
ࢻࢆᢞ୚ࡋࡓẕື≀࠿ࡽᚓࡽࢀࡓ⫾ඣ࡟ࡣᶨ㦵ࡢḞᦆ࠾ࡼࡧ▷ᑠࡀㄏⓎࡉࢀࡓࡀ(Table 2-2-8ࠊࡑ
ࢀࡒࢀ 34 ⬇୰ 6 ࠾ࡼࡧ 9 ౛)ࠊ⬯㦵ࡢḞᦆ࠾ࡼࡧ▷ᑠࡣㄏⓎࡉࢀ࡞࠿ࡗࡓࠋࡇࡢࡇ࡜ࡣࠊ௒ᅇࡢ
ᐇ㦂࡛ Hoxa11ࡢⓎ⌧ࡢኚ໬ࡀࠊ๓⫥ⱆࡢࡳ࡟ࡳࡽࢀࡓࡇ࡜࡜ྜ⮴ࡋ࡚࠸ࡿࠋ 
cereblon⺮ⓑ㉁ࡣࢧࣜࢻ࣐࢖ࢻࡢദወᙧᛶ࡟㛵㐃ࡍࡿࣘࣅ࢟ࢳࣥ E3࣮ࣜ࢞ࢮࡢᵓᡂせ⣲࡜ࡋ࡚
▱ࡽࢀ࡚࠸ࡿ(Ito ࡽ 2010 ᖺ)ࡀࠊcereblon ࡜ Hoxa11 ࡢ㛵㐃ᛶࢆ♧ࡋࡓሗ࿌ࡣ࡞࠸ࠋᡃࠎࡢᐇ㦂࡛
ࡣࠊࢧࣜࢻ࣐࢖ࢻࡀ Kbl:JW࢘ࢧࢠ⬇࡟ᅄ⫥ወᙧࢆㄏⓎࡍࡿᢞ୚ᮇ㛫ࡣዷፎ 9ཬࡧ 10᪥࡛࠶ࡾࠊ
ࢧࣜࢻ࣐࢖ࢻ࡟≉ᚩⓗ࡞ Hoxa11Ⓨ⌧ࡢኚ໬ࡣዷፎ 12᪥࡟ࡳࡽࢀࡿࠋᚑࡗ࡚ࠊࢧࣜࢻ࣐࢖ࢻᢞ୚
࡜ Hoxa11Ⓨ⌧ࡢኚ໬࡟࠿࡞ࡾࡢ᫬㛫ᕪࡀ࠶ࡿࡇ࡜࠿ࡽࠊHoxa11ࡀ cereblonࢆྵࡴ E3ࣘࣅ࢟ࢳࣥ
࣮ࣜ࢞ࢮࡢ┤᥋ⓗ࡞ᶆⓗ࡛ࡣ࡞ࡃࠊcereblon⺮ⓑ㉁࡬ࡢࢧࣜࢻ࣐࢖ࢻࡢ⤖ྜ࠿ࡽ Hoxa11ࡢⓎ⌧ኚ
ືࡲ࡛ࡢ㛫࡟ఱࡽ࠿ࡢ㑇ఏᏊⓎ⌧࢝ࢫࢣ࣮ࢻࡀᏑᅾࡍࡿ࡜⪃࠼ࡽࢀࡓࠋࡉࡽ࡟ࠊࢧࣜࢻ࣐࢖ࢻ࡟
ࡼࡾ⏕ࡌࡓάᛶ㓟⣲✀ࢆ୙άᛶ໬ࡍࡿ a-phenyl-N-tertbutylnitrone ࡢᢞ୚࡟ࡼࡾࠊDNA ࡢ㓟໬࡜ᅄ
⫥ወᙧࡢㄏⓎࡀඹ࡟ᢚไࡉࢀࡿ(Parman ࡽ 1999 ᖺ)ࡇ࡜࠿ࡽࡶࠊHoxa11 ࡢୖὶ࡟ࡣࠊࡇ࠺࠸ࡗࡓ
࣓࢝ࢽࢬ࣒࡟㛵㐃ࡍࡿ㑇ఏᏊⓎ⌧࢝ࢫࢣ࣮ࢻࡀᏑᅾࡍࡿ࡜᥎ᐹࡉࢀࡿࠋ 
 
Bmp4㑇ఏᏊࡢⓎ⌧࡬ࡢᙳ㡪 
ᡂ㛗ᢚไࡢ᭷↓࡟㛵ࢃࡽࡎࠊ⫥ⱆ࡟࠾࠸࡚ࢧࣜࢻ࣐࢖ࢻᢞ୚࡟ࡼࡿ Bmp4 ࡢⓎ⌧ࣃࢱ࣮ࣥࡢኚ
໬ࡣ᳨ฟ࡛ࡁ࡞࠿ࡗࡓ(Fig. 3-1-8)ࠋࢽ࣡ࢺࣜ⬇࡛ࡣࠊࢧࣜࢻ࣐࢖ࢻࡢ᭚㟢࡟ࡼࡗ࡚⫥ⱆ࡟࠾ࡅࡿ
Bmp4 ࡢⓎ⌧ࡀቑຍࡍࡿࡇ࡜ࡀሗ࿌ࡉࢀ࡚࠾ࡾࠊ⮬⬮࠾ࡼࡧ㌼⬮㒊ࡀ㢧ⴭ࡟▷ᑠ໬ࡋ࡚࠸ࡿ
(Knoblochࡽ 2007ᖺ)ࠋࡇࡢᙧែᏛⓗኚ໬ࡣࠊᮏ◊✲࡛ࡳࡽࢀࡓࢧࣜࢻ࣐࢖ࢻ࡟ࡼࡾㄏⓎࡉࢀࡓ␗
ᖖᅇ㌿ᡭࡸᶨ㦵ࡢ▷ᑠ࠶ࡿ࠸ࡣḞᦆ࡜࠸ࡗࡓ⫥ࡢኚ໬ࡼࡾࡶ㔜⠜࡜ᛮࢃࢀࡓࠋࡶࡋࠊBmp4ࡢ㐣๫
Ⓨ⌧ࡀࡇࡢ␗ᖖࡢ୺せᅉ࡛࠶ࡾࠊᐇ㉁ⓗ࡞ࢧࣜࢻ࣐࢖ࢻస⏝⃰ᗘ࡟ࡘ࠸࡚࢘ࢧࢠ࡜ࢽ࣡ࢺ࡛ࣜࡢ
ᐇ㦂㛫࡛኱ࡁ࡞㐪࠸ࡀ࡞ࡅࢀࡤࠊBmp4ࡢⓎ⌧ࡀ࠶ࡲࡾኚ໬ࡋ࡞࠸࢘ࢧࢠ࡛ࡣᙧែ␗ᖖࡀῶᙅࡍࡿ
࡜࠸࠺⤖ᯝ࡜▩┪ࡋ࡞࠸ࠋࡋ࠿ࡋࠊBmp4ࡢ㐣๫Ⓨ⌧ࡀࠊࢧࣜࢻ࣐࢖ࢻ࡟ࡼࡿወᙧ࡟㢮ఝࡋࡓᙧែ
␗ᖖࢆᘬࡁ㉳ࡇࡍ࡜࠸࠺ドᣐࡣ▱ࡽࢀ࡚࠸࡞࠸ࠋ 
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ࡑࡢ௚ࡢ㌼⬮㒊Ⓨ⏕㛵㐃㑇ఏᏊ࡟ࡘ࠸࡚ 
Fgf8ࠊBmp4࠾ࡼࡧ Hoxa11௨እ࡟ GremlinࠊWnt5a࠾ࡼࡧ Hoxc11࡞࡝ࠊ࠸ࡃࡘ࠿ࡢ⫥ᙧᡂ㑇ఏ
ᏊࡀᏑᅾࡋࠊࡇࢀࡽࡢ㑇ఏᏊࡶࠊࢧࣜࢻ࣐࢖ࢻ࡟ࡼࡾࡑࡢⓎ⌧ࡀኚ໬ࡍࡿྍ⬟ᛶࡀ࠶ࡿࡇ࡜࠿ࡽࠊ
๓⫥ⱆ࡟࠾ࡅࡿࢧࣜࢻ࣐࢖ࢻࡢദወᙧᛶస⏝ࢆ᪩ᮇ࡟ண ࡍࡿࡓࡵࡢ࣐࣮࣮࢝࡜ࡋ࡚౑⏝࡛ࡁࡿ
࠿ࡶ▱ࢀ࡞࠸ࠋࡋ࠿ࡋ࡞ࡀࡽࠊGremlin࠾ࡼࡧWnt5aࡣ⮬⬮㒊ࡢⓎ⏕࡟ࡶ㛵ࢃࡗ࡚࠾ࡾ(Nissimࡽ
2006 ᖺࠊYamaguchi ࡽ 1999 ᖺ)ࠊࡑࡢⓎ⌧ࡀ㌼⬮㒊࡟㝈ᐃࡉࢀ࡚࠸࡞࠸ࠋࡲࡓࠊᣦࡢወᙧࡣ࢘ࢧ
ࢠ⫾ඣ࡛ࢧࣜࢻ࣐࢖ࢻ࡟ࡼࡾㄏⓎࡉࢀࡿࡇ࡜࠿ࡽࠊ㌼⬮㒊ࡢወᙧ࡜⮬⬮㒊ࡢወᙧ࡟㛵㐃ࡍࡿ㑇ఏ
ᏊⓎ⌧ࡢኚ໬ࡀྜࢃࡉࡗ࡚ほᐹࡉࢀࡿྍ⬟ᛶࡀ࠶ࡿࠋᚑࡗ࡚ࠊࢧࣜࢻ࣐࢖ࢻ࡟ࡼࡗ࡚ㄏⓎࡉࢀࡓ
㌼⬮㒊࡟㛵㐃ࡍࡿ㑇ఏᏊࡢⓎ⌧ኚ໬ࢆホ౯ࡢᑐ㇟࡟ࡍࡿࡇ࡜ࡣᅔ㞴࡜ண᝿ࡉࢀࡿࠋHoxa11 ࡜
Hoxd11ࡢࢲࣈࣝࣀࢵࢡ࢔࢘ࢺ࣐࢘ࢫ࡟࠾࠸࡚ࡣࠊ⬯㦵࡜⭌㦵ࡢኚ໬ࡣ㍍ᚤ࡛࠶ࡿࡀࠊᶨ㦵࡜ᑻ㦵
ࡣ࡯࡜ࢇ࡝ᙧᡂࡉࢀ࡞࠸(Davisࡽ 1995ᖺ)ࠋ୍᪉ࠊHoxa11ࠊHoxc11࠾ࡼࡧ Hoxd11ࡢࢺࣜࣉࣝࣀ
ࢵࢡ࢔࢘ࢺ࣐࢘ࢫ࡛ࡣࠊᚋ⫥ࡢ㌼⬮ࡢⴭࡋ࠸▷ᑠ໬ࡀㄏⓎࡉࢀ࡚࠸ࡿ (Wellik࠾ࡼࡧCapecchi 2003
ᖺ)ࠋࡉࡽ࡟ Hoxc11ࡣᚋ⫥࡟ࡢࡳⓎ⌧ࡋ(Hostikka࠾ࡼࡧ Capecchi 1998ᖺ)ࠊHoxa11ࡼࡾࡶᚋ⫥ወ
ᙧ࡟㛵୚ࡋ࡚࠸ࡿ࡜⪃࠼ࡽࢀࡿࡓࡵࠊHoxc11ࡣᚋ⫥ወᙧࢆ᳨ฟࡍࡿⰋ࠸࣐࣮࣮࢝࡟࡞ࡿྍ⬟ᛶࡀ
࠶ࡿ࡜᥎ᐹࡉࢀࡿࠋࡇࡢࡼ࠺࡟ࠊ⫥ᙧᡂ㐣⛬࡛Ⓨ⌧ࡍࡿ Hox㑇ఏᏊ⩌ࡣࢧࣜࢻ࣐࢖ࢻㄏⓎወᙧࡢ
᪩ᮇ࣐࣮࣮࢝࡜ࡋ࡚᭷ᮃ࡛࠶ࡿࠋ 
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3-1-5 ⤖ㄽ 
 
Kbl:JW ࢘ࢧࢠࢆ⏝࠸࡚ࠊ⫥ᙧᡂ࡟㔜せ࡞ാࡁࢆࡶࡘ 3 ✀㢮ࡢ㑇ఏᏊ㸦Fgf8ࠊBmp4ࠊHoxa11㸧
ࡢ⬇ࡢ⫥ⱆ࡛ࡢⓎ⌧࡟ࡘ࠸࡚ࢧࣜࢻ࣐࢖ࢻ࡟ࡼࡿᙳ㡪ࢆ᳨ウࡋࡓࠋࡑࡢ⤖ᯝࠊዷፎ 10 ࠾ࡼࡧ 11
᪥ࡢࢧࣜࢻ࣐࢖ࢻ⬇࡛ࡣᡂ㛗ᢚไࡀࡳࡽࢀࡓࡀࠊᅄ⫥ወᙧ࡟㛵㐃ࡍࡿ࡜⪃࠼ࡽࢀࡿ㑇ఏᏊⓎ⌧ࣃ
ࢱ࣮ࣥࡢኚ໬ࡣ࡞࠿ࡗࡓࠋዷፎ 12᪥⬇࡛ࡣࠊᡂ㛗ࡀᢚไࡉࢀࡎࠊFgf8࠾ࡼࡧ Bmp4ࡢⓎ⌧ࣃࢱ࣮
ࣥࡶኚ໬ࡋ࡞࠿ࡗࡓࡀࠊHoxa11ࡢ๓⫥ⱆ๓㒊ഃࡢࡳⓎ⌧㡿ᇦᖜࡀᑐ↷⩌࡟ẚ࡭࡚ῶᑡࡋࡓࠋࢧࣜ
ࢻ࣐࢖ࢻᢞ୚࡟ࡼࡾ࢘ࢧࢠ⫾ඣࡢ๓⫥࡟ࡣᶨ㦵ࡢወᙧࡀㄏⓎࡉࢀࠊ๓⫥ⱆ๓㒊ഃࡣ⫥ⱆࡢᶨ㦵ഃ
࡛࠶ࡿࡇ࡜࠿ࡽࠊࡇࡢ㒊఩ࡢ Hoxa11ࡢⓎ⌧㡿ᇦᖜࡢῶᑡࡣࢧࣜࢻ࣐࢖ࢻ࡟ࡼࡿወᙧ࡟㛵㐃ࡋࡓኚ
໬࡛࠶ࡾࠊHoxa11ࡣᶨ㦵ࡢወᙧࢆண ࡍࡿᣦᶆ࡟࡞ࡿྍ⬟ᛶࡀ࠶ࡿ࡜⪃࠼ࡽࢀࡓࠋ 
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➨ 4❶ せ⣙࠾ࡼࡧ⥲ྜ⪃ᐹ 
 
ᮏ◊✲࡛ࡣࠊ20 ᖺ௨ୖ࡟ࢃࡓࡗ࡚⵳✚ࡉࢀࡓ Kbl:JW ࢘ࢧࢠࢆ⏝࠸ࡓ⬇࣭⫾ඣⓎ⏕ẘᛶヨ㦂ࡢ
㝜ᛶᑐ↷⩌࠿ࡽᚓࡽࢀࡓ⫼ᬒࢹ࣮ࢱࢆ㐳ཬⓗ࡟ゎᯒࡋࠊࢧࣜࢻ࣐࢖ࢻࡀㄏⓎࡍࡿወᙧ࣭ኚ␗࡟ᑐ
ࡍࡿឤཷᛶ࡟ࡘ࠸࡚㐣ཤࡢ 3 ヨ㦂ࢆẚ㍑ࡋࡓࠋࡲࡓࠊKbl:JW ࡜ Kbl:NZW ࢘ࢧࢠ࡟ࡘ࠸࡚ࢧࣜࢻ
࣐࢖ࢻࡢ⬇࣭⫾ඣⓎ⏕ẘᛶヨ㦂࡞ࡽࡧ࡟ྛ✀ወᙧࡢወᙧឤཷᮇ᳨ウヨ㦂ࢆᐇ᪋ࡋࠊ⣔⤫ᕪࢆẚ㍑
ࡋࡓࠋࡉࡽ࡟ Kbl:JW࢘ࢧࢠ⬇ࡢ⫥ⱆ࡛ࢧࣜࢻ࣐࢖ࢻ࡟ࡼࡗ࡚ㄏⓎࡉࢀࡿ㑇ఏᏊኚ໬ࢆㄪ࡭ࡓࠋ 
 
4-1 せ⣙ 
 
࣭Kbl:JW࢘ࢧࢠࡢ⫼ᬒࢹ࣮ࢱ࡞ࡽࡧ࡟ࢧࣜࢻ࣐࢖ࢻㄏⓎ⫾ඣወᙧࡢゎᯒ㸦➨ 2❶ 2-1㸧 
ᡃࠎࡢ◊✲ᡤ࡛ 20ᖺ௨ୖ(1990-2010ᖺ)࡟ࢃࡓࡗ࡚ Kbl:JW࢘ࢧࢠࢆ⏝࠸࡚ᐇ᪋ࡉࢀࡓ⬇࣭⫾ඣ
Ⓨ⏕ẘᛶヨ㦂ࡢ㝜ᛶᑐ↷⩌࠿ࡽᚓࡽࢀࡓ⫼ᬒࢹ࣮ࢱ(ẕື≀ 928౛ࠊ⫾ඣ 7270౛)ࢆ 5࡞࠸ࡋ 6ᖺ
ẖ࡟ศ๭ࡋࠊྛᮇ㛫ࡢὶ⏘ື≀ᩘࠊ㯤యᩘࡸ╔ᗋᩘ࡞࡝ࡢ⏕Ṫࣃ࣓࣮ࣛࢱ࣮࡞ࡽࡧ࡟እ⾲ࠊෆ⮚
࠾ࡼࡧ㦵᱁␗ᖖࡸኚ␗࡞࡝ࡢᙧែኚ໬ࡢ⮬↛Ⓨ⏕㢖ᗘࢆẚ㍑ࡋࡓࠋࡲࡓࠊ1988ᖺࠊ1995ᖺ࠾ࡼࡧ
2007ᖺ࡟ᐇ᪋ࡋࡓࢧࣜࢻ࣐࢖ࢻ࡟ࡼࡿ⬇࣭⫾ඣⓎ⏕ẘᛶヨ㦂࡟ࡘ࠸࡚ࠊ⫾ඣ࡟ㄏⓎࡉࢀࡓወᙧࡢ
✀㢮ࡸⓎ⏕㢖ᗘࢆ 3ヨ㦂㛫࡛ẚ㍑ࡋࡓࠋᑐ↷ື≀ࡢ⫼ᬒࢹ࣮ࢱࡢศᯒ࠿ࡽࠊ20ᖺ௨ୖ࡟ࢃࡓࡗ࡚
ẕື≀ࡢ⏕Ṫࣃ࣓࣮ࣛࢱ࣮࡞ࡽࡧ࡟⫾ඣࡢᙧែኚ໬ࡢ✀㢮ࡸⓎ⏕㢖ᗘ࡟኱ࡁ࡞ኚືࡀ࡞࠿ࡗࡓࡇ
࡜ࡀ♧ࡉࢀࡓࠋࡉࡽ࡟ࠊࢧࣜࢻ࣐࢖ࢻ࡟ࡼࡗ࡚ㄏⓎࡉࢀࡿወᙧࡢ✀㢮ࡣࠊ3ヨ㦂࡛㢮ఝࡋ࡚࠸ࡓࠋ
ᚑࡗ࡚ࠊKbl:JWࡣࠊ⫾ඣ࡟࠾ࡅࡿ⮬↛Ⓨ⏕ࡢᙧែኚ໬ࡢ㛗ᮇⓗ࡞Ᏻᐃᛶࡸࢧࣜࢻ࣐࢖ࢻ࡟ࡼࡾㄏ
Ⓨࡉࢀࡓወᙧࡢ෌⌧ᛶ࡜࠸࠺ほⅬ࠿ࡽࠊ⬇࣭⫾ඣⓎ⏕ẘᛶヨ㦂࡟㐺ࡋࡓ⣔⤫ࡢ୍ࡘ࡛࠶ࡿࡇ࡜ࡀ
♧၀ࡉࢀࡓࠋ 
 
࣭Kbl:JW࡜ Kbl:NZW㛫ࡢ㐪࠸࡜ඹ㏻ᛶ㸦➨ 2❶ 2-2㸧 
Kbl:JW ࠾ࡼࡧ Kbl:NZW ࢘ࢧࢠࢆ౑⏝ࡋ࡚ࠊࢧࣜࢻ࣐࢖ࢻࢆ⫾ඣࡢ୺せ࡞ჾᐁᙧᡂᮇ࡛࠶ࡿዷ
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ፎ 7-15᪥࡟ᢞ୚ࡋࡓ EFDヨ㦂࡞ࡽࡧ࡟ࢧࣜࢻ࣐࢖ࢻࡢᢞ୚ᮇ㛫ࢆዷፎ 7-8᪥ࠊ9-10᪥࠾ࡼࡧ 11-12
᪥࡟ศ๭ࡋࠊ✀ࠎࡢወᙧ࡟ᑐࡍࡿឤཷᮇࢆ᳨ウࡋࡓ SP ヨ㦂ࢆᐇ᪋ࡋࠊ⣔⤫ᕪࢆ᳨ウࡋࡓࠋEFD
ヨ㦂࡛ࡣ୧⣔⤫࡜ࡶ╔ᗋᚋṚஸ⋡ࡀ㧗ࡃ࡞ࡾࠊ⏕Ꮡඣᩘࡀపࡃ࡞ࡗࡓࠋࡇࡢኚ໬ࡣ SPヨ㦂࡛ࡣዷ
ፎ 7-8᪥࡟ 300 mg/kg/᪥ࢆᢞ୚ࡋࡓ Kbl:NZWࡢࡳ࡛ࡳࡽࢀࡓࠋእ⾲࠾ࡼࡧ㦵᱁᳨ᰝ࡛ࡣࠊ㢌㒊ࠊ
ᅄ⫥ࠊᑿࡢወᙧࡀࠊෆ⮚᳨ᰝ࡛ࡣࠊỈ㢌⑕ࠊᚰ⾑⟶⣔ࡢወᙧࠊ⫵୰㛫ⴥḞᦆࡸ⫢⮚ศⴥ␗ᖖࡀ EFD
ヨ㦂࠾ࡼࡧ SPヨ㦂࡜ࡶ࡟୧⣔⤫࡛㧗㢖ᗘ࡟Ⓨ⏕ࡋࠊ࠸ࡎࢀࡢ⣔⤫࡛ࡶࢧࣜࢻ࣐࢖ࢻࡢᢞ୚㔞ࡢቑ
ຍ࡟కࡗ࡚ወᙧⓎ⏕㢖ᗘࡀୖ᪼ࡍࡿഴྥࡀࡳࡽࢀࡓࠋ୧⣔⤫࡟࠾࠸࡚ከࡃࡢወᙧ࠶ࡿ࠸ࡣኚ␗ࡢ
✀㢮࡜ឤཷᮇ࡟ඹ㏻ᛶࡀㄆࡵࡽࢀࡓࡇ࡜࠿ࡽࠊKbl:JW ࡜ Kbl:NZW ⫾ඣࡢࢧࣜࢻ࣐࢖ࢻ࡟ᑐࡍࡿ
ឤཷᛶࡢᕪࡣᑡ࡞ࡃࠊࢧࣜࢻ࣐࢖ࢻࡢദወᙧᛶࢆホ౯ࡍࡿୖ࡛୧⣔⤫ࡢ᭷⏝ᛶࡣྠ➼࡛࠶ࡿ࡜⤖
ㄽࡋࡓࠋࡓࡔࡋࠊ๓⫥ࡢ␗ᖖᅇ㌿ᡭࠊᶨ㦵ࡢḞᦆࡲࡓࡣ▷ᑠࠊ▷ᑿ࡞࡝ࡢወᙧ࡟ࡘ࠸࡚ࡣ Kbl:JW
ࡢ᪉ࡀ Kbl:NZW ࡼࡾࡶ㧗㢖ᗘ࡟Ⓨ⏕ࡍࡿࡀࠊ୍᪉࡛ᚋ⫥ࡢ␗ᖖᅇ㌿ᡭࠊ⬯㦵ࡢḞᦆࡲࡓࡣ▷ᑠࠊ
⫵୰㛫ⴥḞᦆࠊᶓ㝸⭷࣊ࣝࢽ࢔ࡸ⫶ᑠᆺ໬࡞࡝ࡢወᙧࡣ Kbl:NZW࡛ከࡃㄆࡵࡽࢀࡓࠋᚑࡗ࡚ࠊࢧ
ࣜࢻ࣐࢖ࢻ࡟ࡼࡗ࡚ㄏⓎࡉࢀࡿ๓⫥ወᙧࡸ▷ᑿࡢወᙧㄏⓎ࣓࢝ࢽࢬ࣒ࡢゎᯒ࡟ࡣ Kbl:JW ࡢ᪉ࡀ
᭷⏝࡛࠶ࡿ࡜⪃࠼ࡽࢀࡓࠋ 
 
࣭Kbl:JW࢘ࢧࢠ⬇ࡢ⫥ⱆ࡟࠾ࡅࡿ Fgf8ࠊBm4࠾ࡼࡧ Hoxa11ࡢⓎ⌧࡬ࡢࢧࣜࢻ࣐࢖ࢻࡢᙳ㡪 
㸦➨ 3❶㸧 
ࢧࣜࢻ࣐࢖ࢻࢆዷፎ 9࠾ࡼࡧ 10᪥┠࡟ࡑࢀࡒࢀ 1᪥ 1ᅇᢞ୚ࡋࠊᑐ↷⬇࠾ࡼࡧࢧࣜࢻ࣐࢖ࢻ⬇
ࡢ⫥ⱆ࡟࠾ࡅࡿ Fgf8ࠊBmp4࠾ࡼࡧ Hoxa11ࡢ mRNAࡢⓎ⌧ࢆ WISHἲ᳨࡛ウࡋࡓࠋࡇࢀࡽࡢ㑇
ఏᏊࡣ࠸ࡎࢀࡶ⫥ᙧᡂ࡟㔜せ࡞ാࡁࢆ᭷ࡋ࡚࠸ࡿࠋ 
ࢧࣜࢻ࣐࢖ࢻ࡟ࡼࡾዷፎ 10࠾ࡼࡧ 11᪥࡛⬇඲యࡢᡂ㛗ᢚไࡀࡳࡽࢀࡓࠋ⫥ⱆࡢ AER࡟࠾ࡅࡿ
Fgf8ࡢⓎ⌧㡿ᇦࡣࠊࢧࣜࢻ࣐࢖ࢻ⬇࡟࠾࠸࡚⦰ᑠࡋࡓࡀࠊFgf8Ⓨ⌧㡿ᇦࡢ⦰ᑠ࡜㢌㛗࡟ࡣṇࡢ┦
㛵ࡀࡳࡽࢀࡓࡇ࡜࠿ࡽࠊࡇࡢ⦰ᑠࡣ⬇ࡢᡂ㛗ᢚไ࡟క࠺ኚ໬࡛࠶ࡾࠊࢧࣜࢻ࣐࢖ࢻࡢ⫥ⱆᙧᡂ㐣
⛬࡬ࡢ┤᥋స⏝࡛ࡣ࡞࠸࡜⪃࠼ࡽࢀࡓࠋ࡞࠾ࠊዷፎ 12᪥ࡢࢧࣜࢻ࣐࢖ࢻ⬇࡛ࡣᡂ㛗ᢚไࡀࡳࡽࢀ
ࡎࠊFgf8 ࡢⓎ⌧㡿ᇦࡶᑐ↷⬇ࡢሙྜ࡜ᕪࡀ࡞࠿ࡗࡓࠋBmp4 ࡢⓎ⌧ࡣዷፎ 10ࠊ11 ࠾ࡼࡧ 12 ᪥ࡢ
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ࢧࣜࢻ࣐࢖ࢻ⬇࡛ほᐹࡉࢀࡓࡀࠊᑐ↷⬇࡜ẚ࡭࡚㐪࠸ࡀ࡞࠿ࡗࡓࠋHoxa11ࡣዷፎ 11࠾ࡼࡧ 12᪥
ࡢࢧࣜࢻ࣐࢖ࢻ⬇ࡢ๓⫥࠾ࡼࡧᚋ⫥࡛ࠊᑐ↷⬇࡜ྠᵝ࡟⫥ⱆࡢ㐲㏆㍈࡟ᑐࡋ࡚┤ゅ࡟ᖏ≧࡟Ⓨ⌧
ࡋࡓࠋዷፎ 11᪥ࡢࢧࣜࢻ࣐࢖ࢻ⬇࡛ࡣᑐ↷⬇࡜ࡢ㛫࡟Ⓨ⌧ࣃࢱ࣮ࣥࡢ㐪࠸ࡣㄆࡵࡽࢀ࡞࠿ࡗࡓࡀࠊ
ዷፎ 12᪥ࡢࢧࣜࢻ࣐࢖ࢻ⬇ࡢ๓⫥ⱆ࡛ࡣࠊᚋ⫥ⱆ࡜␗࡞ࡾࠊ๓㒊ഃ࡛ࡢⓎ⌧㡿ᇦࡀῶᑡࡋࡓࠋ๓
㒊ഃࡣࢧࣜࢻ࣐࢖ࢻࢆᢞ୚ࡋࡓ࢘ࢧࢠ⫾ඣ࡛ወᙧࡀࡳࡽࢀࡿᶨ㦵ࡢⓎ⏕㒊఩࡟┦ᙜࡍࡿ࡜⪃࠼ࡽ
ࢀࠊࡇࡢ Hoxa11Ⓨ⌧㡿ᇦᖜࡢ๓㒊ഃ࡟≉␗ⓗ࡞ῶᑡࡣࢧࣜࢻ࣐࢖ࢻ࡛ㄏⓎࡉࢀࡿᅄ⫥ወᙧࡢせᅉ
ࡢ୍ࡘ࡜᥎ᐹࡉࢀࡿࠋࡇࡢࡇ࡜ࡣࠊ⫥ⱆ඲యࡢᙧᡂ࡟㛵㐃ࡍࡿ Fgfࡸ Bmp➼ࡢ㑇ఏᏊⓎ⌧ࡢኚ໬
࡜ࡣ␗࡞ࡾࠊࢧࣜࢻ࣐࢖ࢻࡢ Hoxa11ࡢⓎ⌧࡬ࡢᙳ㡪ࡀ࢘ࢧࢠ⫾ඣ࡛ࡳࡽࢀࡿᶨ㦵ࡢḞᦆ࠾ࡼࡧ▷
ᑠ࡜࠸࠺ወᙧ࡟㛵୚ࡋ࡚࠸ࡿྍ⬟ᛶࢆึࡵ࡚᫂ࡽ࠿࡟ࡋࡓ࡜࠸࠺Ⅼ࡛኱ࡁ࡞ព⩏ࡀ࠶ࡿ࡜⪃࠼ࡽ
ࢀࡿࠋ 
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4-2 ⥲ྜ⪃ᐹ 
 
ᮏ◊✲࡟࠾࠸࡚ࠊKbl:JW࢘ࢧࢠࡣẕື≀ࡸ⫾ඣ࡟ࡘ࠸࡚ࡢ✀ࠎࡢ⏕Ṫࣃ࣓࣮ࣛࢱ࣮࡞ࡽࡧ࡟⫾
ඣࡢᙧែᏛⓗ࡞Ᏻᐃᛶࡀ㛗ᮇ㛫ࠊ⥔ᣢࡉࢀ࡚࠸ࡿࡇ࡜ࡀ♧ࡉࢀࡓࠋࡉࡽ࡟ࠊࢧࣜࢻ࣐࢖ࢻࢆ⏝࠸
ࡓ Kbl:JW⣔⤫࡜ Kbl:NZW⣔⤫࡛ࡢ⬇࣭⫾ඣⓎ⏕ẘᛶヨ㦂⤖ᯝࡢẚ㍑࡟࠾࠸࡚ࠊKbl:JW࡛ࡣ๓⫥
ወᙧࡸ▷ᑿࡀ㧗㢖ᗘ࡟Ⓨ⌧ࡋࠊ⫵୰㛫ⴥḞᦆࡸᶓ㝸⭷࣊ࣝࢽ࢔࡞࡝ࡢⓎ⏕㢖ᗘࡀప࠸࡜࠸࠺㐪࠸
ࡀࡳࡽࢀࡓࡀࠊKbl:JWࡢ 1988ᖺ࠾ࡼࡧ 1995ᖺࡢヨ㦂࡛ࡶྠᵝ࡞ഴྥࡀࡳࡽࢀ࡚࠾ࡾࠊᮏ⣔⤫ࡢ
࢘ࢧࢠࡢࢧࣜࢻ࣐࢖ࢻ࡟ᑐࡍࡿ㉁ⓗ࡞཯ᛂᛶࡶ㛗ᮇ࡟ࢃࡓࡗ࡚Ᏻᐃࡋ࡚࠸ࡿ஦ࡀ♧ࡉࢀࡓࠋ
Kbl:JW ࠾ࡼࡧ Kbl:NZW ࡢ⫼ᬒࢹ࣮ࢱࢆࡲ࡜ࡵࡓሗ࿌ࡣ࠸ࡃࡘ࠿Ꮡᅾࡍࡿࡀ(Morita ࡽ 1987 ᖺࠊ
Ema ࡽ 2012 ᖺ)ࠊ࠸ࡎࢀࡶከᩘࡢ᪋タࡢ㝜ᛶᑐ↷⩌ࢹ࣮ࢱࢆࡲ࡜ࡵࡓࡶࡢ࡛࠶ࡿࠋᮏ◊✲ࡢࡼ࠺
࡟ྠ୍◊✲᪋タ࡛㛗ᮇ࡟ࢃࡓࡗ࡚ㄪᰝࡉࢀࡓ Kbl:JW ࡢ⫼ᬒࢹ࣮ࢱࡣ࡞࠸ࠋ་⸆ရ㛤Ⓨ࡟࠾࠸࡚
⬇࣭⫾ඣⓎ⏕ẘᛶヨ㦂࡛ほᐹࡉࢀࡓወᙧࡢᡤぢྡࡣࠊ୍⯡ⓗ࡟ࡣඛኳ␗ᖖ⏝ㄒ㞟(᪥ᮏඛኳ␗ᖖᏛ
఍ 1991 ᖺ)ࡸ International Federation of Teratology Societies ጤဨ఍ࡀసᡂࡋࡓ⏝ㄒ㞟 Version 1 
(Horimotoࡽ 1998ᖺ)࡞࡝࡟ᇶ࡙࠸࡚Ỵᐃࡍࡿࡀࠊ኱ᑠࡸ㛗▷࡞࡝ࡀ㛵୚ࡍࡿᡤぢࠊ౛࠼ࡤᑠ║⌫
ࡸ▷ᑿ࡞࡝ࡣࠊᙧែᏛⓗኚ໬ࡢุ᩿ᇶ‽࡟㛵ࡍࡿ᪋タẖࡢᕪ␗ࡀ⏕ࡎࡿྍ⬟ᛶࡀ࠶ࡿࠋᚑࡗ࡚ࠊ
ᮏ◊✲࡛ࡣྠ୍᪋タ࡟࠾ࡅࡿ࡯ࡰ୍ᐃࡢᇶ‽ࢆࡶ࡜࡟ࠊ㛗ᮇ㛫ࡢ⫼ᬒࢹ࣮ࢱࡸࢧࣜࢻ࣐࢖ࢻ࡬ࡢ
཯ᛂᛶࢆゎᯒࡍࡿࡇ࡜࡛ࠊࡼࡾཝᐦ࡟Ᏻᐃᛶࡸ⣔⤫ẚ㍑ࢆ᳨ド࡛ࡁࡓ࡜⪃࠼ࡽࢀࡿࠋ 
Kbl:JW ࡜ Kbl:NZW ࢘ࢧࢠ⫾ඣࡢࢧࣜࢻ࣐࢖ࢻ࡟ᑐࡍࡿឤཷᛶࡢẚ㍑᳨ウ⤖ᯝ࠿ࡽࠊ་⸆ရࡢ
ẘᛶホ౯࡟౑⏝ࡍࡿ࡜࠸࠺ほⅬ࡛ࡣᕪࡀ࡞ࡃࠊ୧⣔⤫࡜ࡶࢧࣜࢻ࣐࢖ࢻࡢദወᙧᛶࢆホ౯ࡍࡿ⣔
⤫࡜ࡋ࡚᭷⏝࡛࠶ࡿ࡜⪃࠼ࡽࢀࡓࡀࠊ୍㒊ࡢᡤぢ࡟ࡣ⣔⤫ᕪࡀㄆࡵࡽࢀࡓࠋ≉࡟๓⫥ࡢወᙧⓎ⏕
㢖ᗘ࡟ࡘ࠸࡚ࡣ Kbl:JWࡢ࡯࠺ࡀ Kbl:NZWࡼࡾࡶ㧗ࡃࠊዷፎ 9-10᪥ᢞ୚᫬࡟ࡣࠊ≉࡟኱ࡁ࡞ᕪࡀ
ࡳࡽࢀࠊᚋ⫥ࡢⓎ⏕㢖ᗘࢆྵࡵ࡚ࡶ Kbl:JW ࡢ᪉ࡀ㧗࠿ࡗࡓ(Table 2-2-4ࠊ␗ᖖᅇ㌿ᡭⓎ⏕㢖ᗘࠊ
Kbl:JW๓⫥㸸51.1%ࠊᚋ⫥㸸0%ࠊKbl:NZW๓⫥㸸5.6%ࠊᚋ⫥㸸11.7%)ࠋࢧࣜࢻ࣐࢖ࢻࡣ࢘ࢧࢠࡢ
⬇ࡸ⫾ඣ࡟ᑐࡍࡿ⮴Ṛస⏝ࡸᡂ㛗ᢚไస⏝ࢆ᭷ࡋࠊࡇࢀࡽࡢస⏝ࡣᢞ⸆ᮇ㛫ࡢ㛗ᮇ໬࡟క࠸㢧ⴭ
࡜࡞ࡿࠋࡑࡢࡓࡵࠊࡇࢀࡽࡢస⏝࡟ࡼࡿ஧ḟⓗ࡞ᙳ㡪ࢆཷࡅࡎ࡟ദወᙧᛶ࡜㛵㐃ࡍࡿึᮇࡢኚ໬
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ࢆឤᗘⰋࡃホ౯ࡍࡿ࡟ࡣࠊ▷࠸ᢞ୚ᮇ㛫࡛ࡼࡾ㧗࠸Ⓨ⏕㢖ᗘࢆ♧ࡍወᙧࡢ᪉ࡀࠊࡑࡢወᙧࡢ࣓࢝
ࢽࢬ࣒ゎᯒ࡟ࡣ᭷⏝࡜⪃࠼ࡽࢀࡿࠋᐇ㝿ࠊKbl:JW࡛ࡣ Hoxa11ࡢ mRNAⓎ⌧ࡢῶᑡࡀ๓⫥ⱆࡢ๓
㒊ഃࡢࡳ࡛ࡳࡽࢀࠊᚋ⫥࡛ࡣࡳࡽࢀ࡞࠿ࡗࡓࡀࠊࡇࡢ mRNAⓎ⌧ࡢ㒊఩ᕪࡣወᙧⓎ⌧ࡢ๓ᚋ⫥ࡢ
Ⓨ⏕㢖ᗘࡢᕪࢆ཯ᫎࡋ࡚࠸ࡿ࡜⪃࠼ࡽࢀࡓࠋ௒ᅇࠊKbl:NZWࡢࢹ࣮ࢱࡣᚓࡽࢀ࡞࠿ࡗࡓࡀࠊ๓⫥
ࡢወᙧ࡟㛵㐃ࡋࡓ㑇ఏᏊࡢⓎ⌧ゎᯒ࡟ࡣࠊ๓⫥ࡢወᙧⓎ⏕㢖ᗘࡀࡼࡾ㧗࠸Kbl:JWࡢ᪉ࡀKbl:NZW
ࡼࡾࡶ㐺ࡋ࡚࠸ࡿ࡜⪃࠼ࡽࢀࡿࠋࡲࡓࠊࢧࣜࢻ࣐࢖ࢻ࡟ࡼࡿᅄ⫥ወᙧࡢ࣓࢝ࢽࢬ࣒࡟ࡘ࠸࡚ࡣ
cereblon௨㝆ࡢ⤒㊰ࡀゎ᫂ࡉࢀ࡚࠸࡞࠸ࡀࠊࡇࢀࡽࡢ๓ᚋ⫥ࡢወᙧⓎ⏕㢖ᗘࡢ㒊఩ᕪࡸ⣔⤫ᕪࢆ฼
⏝ࡋࠊ๓⫥ⱆᙧᡂணᐃ㒊఩࡛ࡢ㑇ఏᏊࡸ⺮ⓑ㉁ࡢⓎ⌧ࡢᕪࢆ⥙⨶ⓗ࡟ゎᯒࡍࡿࡇ࡜࡟ࡼࡾࠊወᙧ
Ⓨ⌧࡟㛵୚ࡍࡿ⤒㊰ࡢࡳࢆᢳฟࡋࠊወᙧ࣓࢝ࢽࢬ࣒ゎ᫂ࡢ୍ຓ࡟ࡍࡿࡇ࡜ࡀ࡛ࡁࡿྍ⬟ᛶࡀ࠶ࡿࠋ 
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ㅰ㎡ 
 
㛗ᮇ㛫࡟ࢃࡓࡗ࡚࢘ࢧࢠ⬇࣭⫾ඣⓎ⏕ẘᛶヨ㦂ࡢࢹ࣮ࢱࢆྲྀᚓࡋࠊࡲࡓࠊࢧࣜࢻ࣐࢖ࢻࢆ⏝࠸
ࡓᐇ㦂ࡢ⿵ຓࢆࡋ࡚࠸ࡓࡔ࠸ࡓࠊṊ⏣⸆ရᕤᴗᰴᘧ఍♫⸆๣Ᏻ඲ᛶ◊✲ᡤ⏕Ṫẘᛶࢢ࣮ࣝࣉᅾ⡠
⪅ࡢ᪉ࠎࠊྠࢢ࣮ࣝࣉ୍࡛⥴࡟ࢧࣜࢻ࣐࢖ࢻࢆ⏝࠸ࡓᐇ㦂ࢆᡭఏࡗ࡚࠸ࡓࡔ࠸ࡓᇛሯᗣẎࡉࢇࠊ
ᒣෆಇ᫂ࡉࢇࠊᒣୗ㍤ⰾࡉࢇࠊ࢘ࢧࢠẕື≀ࡢ⾑₢୰⃰ᗘࢆ ᐃࡋ࡚࠸ࡓࡔ࠸ࡓ⢖㎷ၨᩥࡉࢇࠊ
ࢧࣜࢻ࣐࢖ࢻࡢᢞ୚ᾮࢆㄪ〇ࡋ࡚࠸ࡓࡔ࠸ࡓᯘᩄᏊࡉࢇ࡟ឤㅰ⏦ࡋୖࡆࡲࡍࠋ 
WISH ἲࡢᐇ᪋࡟㝿ࡋࠊᢏ⾡ⓗ࡞ᣦᑟࡸ࢔ࢻࣂ࢖ࢫࢆ࠸ࡓࡔ࠸ࡓᶓ὾⸆⛉኱Ꮫ ᕝᔱⰾᯞඛ⏕ࠊ
ᰴᘧ఍♫࢔࣡ࢪ࢙ࢽࢵࢡ ⏣୰ோኵᵝࠊᗈᓥ኱Ꮫ⥲ྜ⛉Ꮫ㒊 Ἑཎ᫂ඛ⏕ࠊ⫥ᙧᡂ㑇ఏᏊ࡟ࡘ࠸࡚
ࡈᩍᤵ࠸ࡓࡔ࠸ࡓᮾ໭኱Ꮫ ⏣ᮧᏹ἞ඛ⏕࡟῝ࡃឤㅰ⏦ࡋୖࡆࡲࡍࠋ 
ᮏ◊✲ࢆࡲ࡜ࡵࠊⓎ⾲ࡍࡿ࡟࠶ࡓࡾࠊࡁࡵ⣽࠿࠸ࡈᣦᑟ࡜ࡈ⃭ບࢆ࠸ࡓࡔࡁࡲࡋࡓṊ⏣⸆ရᕤ
ᴗᰴᘧ఍♫⸆๣Ᏻ඲ᛶ◊✲ᡤࡢబ⸨ᜨ୍ᮁࡉࢇࠊᯇᮏΎࡉࢇࠊᗈᓥ኱Ꮫ⥲ྜ⛉Ꮫ㒊 Ἑཎ᫂ඛ⏕࡟
ᚰࡼࡾឤㅰ⏦ࡋୖࡆࡲࡍࠋ 
᭱ᚋ࡟ࠊᐇ㦂ࡸㄽᩥసᡂ࡟࠶ࡓࡾࠊᚰ㌟୧㠃ࢆᖖ࡟ࢧ࣏࣮ࢺࡋ࡚ࡃࢀࡓᐙ᪘࡟ឤㅰࡋࡲࡍࠋ 
